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1.0 INTRODUCTION

The Intermountain Power Service Corporation (IPSC) has requested that RIM
Corporation (RJM) perform an airflow balancing program on IPSC’s Unit No. 2. This
unit is an 850 MW Babcock & Wilcox coal-fired boiler with 48 burners. The unit is
opposed-fired with 24 burners on the front wall and 24 burners on the rear wall. There
are four elevations of burners on both the front and back walls. The unit has 8
pulverizers. Each pulverizer feeds 6 burners. Each elevation of burners is split and
compartmentalized with dampers at both ends supplying secondary and air to the burners.
Each coal burner has primary and secondary air zones. The secondary air zone has an
inner and outer zone. The inner secondary air zone has RIM flame stabilizers and was
tested with the flame stabilizers in place. The outer zone has register doors to control

swirl.

On November 27, 1991 RIM performed a baseline air distribution analysis on all 48
burners. Balancing work on the 48 burners and comparison test work on 12 burners was
conducted on November 28, 1991. Work was discontinued on November 28, 1991
because of schedule requirements to bring the unit back on line. This report presents the
results of this effort.

2.0 AIRFLOW CRITERIA

Proper operation of utility power boilers for economic, pollution control, maintenance
and safety reasons requires that the secondary combustion airflows to the burners meet

the following criteria:
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. Total airflow to each burner should be within +5% of the average airflow
for all the burners in the unit. If NOy control or low excess air operation
are not critical requirements, total airflow to each burner withina +10%

range would be acceptable.

. The perimeter loading (around the radius of the burner) for an individual
burner should fall within +10% of the average perimeter loading value

for the burner.

. Individual data point high velocities should not vary from the burner peak
velocity by more than 10%. Exceeding this limit can indicate a blockage

in flow to the burner.

L The minimum velocity at a data point should not vary by more than 20%
from the peak velocity for a data point. Data which exceeds this limit
indicates severely disturbed flow of the secondary air to the burner. This

is generally caused by vortex eddies.

3.0 CONCLUSIONS

With the above criteria in mind, the following conclusions are drawn from the air

distribution analysis and balancing test data collected on Unit No. 2:

1. A savings of $1 to 1.5 million can be achieved by balancing airflows to
the burners instead of installing airflow measuring equipment in each
windbox. Balancing can be achieved by airflow modeling and installation
of corrective devices. The estimated costs for modeling and installation
is estimated to be between $175,000 and $275,000.

RJM Corporation » Ten Roberts Lane, Ridgefield, CT 06877 - 203 438-6198 + Fax 203 431-8255

IP7_001925



3

2. The possibility exists for long-term, localized overheating of boiler tubes,
support hangers, etc. in finishing superheater and reheater areas due to
extremes in airflows to burners. Long-term tube wastage may also occur
due to oxidizing/reducing reactions localized around burners with severe

perimeter loading problems.

3. Flame scanning can be improved by correcting current perimeter loading

distribution deviation problems.

4. The secondary airflows to both the inner and outer zones of all burners
are severely disturbed. Almost all test data points within each burner
show clear evidence of severely disturbed flow. It is suspected that
airflow entering each windbox from the ductwork is experiencing flow
separation at the inner corners. This flow separation is resulting in large

vortex eddies which appear to be cascading through the windbox.

S. The magnitude of the disturbed flow is also indicated by the perimeter
loading of the secondary air to both zones of the burners. The average
perimeter loading on the outer zone is +25%, -27%. The minimum
range is +15%, -16%. The maximum range is +41%, -43%. The inner
zones shows more severely disturbed flow than the outer zones. This is
perhaps due to the fact that the outer zone air doors tend to correct large
vortex eddies. Inner zone perimeter loading distribution deviations have
maximum values of +67% and -45%. Both inner and outer zones have

clear indications of interrupted flow across the air door and air vanes.

6. Each windbox exhibits a definite side-to-side imbalance -i.e., one side has
a high airflow which graduates down to low flow on the other side. The
side-to-side imbalance ranges from 6% to 13% for outer zone airflows and
10% to 15% for the inner zone airflows. Not all windboxes have the high

flow point on the same side.
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7. There is a top-to-bottom airflow imbalance between windboxes.
Typically, the bottom windboxes (B and G rows) have the lowest airflows
in the unit. The highest airflow windboxes are the third row elevations
(A and H rows). Using outer zone airflow measurements, the front
windbox, A level, has an airfiow that is 1.3% higher than the average of
all windboxes in the unit, while the B elevation has airflow which is 8.5%
less than all windboxes in the unit. In the rear windbox, the H elevation
has an airflow deviation of +9.3% while the G elevation has a -2.9%

flow deviation.

8. On average, the burners in the rear of the boiler have a 4% higher total

airflow than the burners on the front of the boiler.

9. Twelve prebalanced burner inner zones met RIM’s optimum airflow
distribution criteria of £5%. Twenty-six met the post balancing criteria.
For the outer zones, 28 burners met the prebalance criteria of +5% while

31 met the criteria after balancing.

10.  RIM’s criteria for the minimum acceptable airflow deviation is +10%.
In the prebalanced condition for inner zone airflows, 30 burners met the
+10% criteria. After balancing, 46 burners met the criteria. On the

outer zones, 41 burners met the prebalanced criteria and 44 postbalanced.

11.  Changing windbox damper position to control airflow has little or no
effect on airflow balance between burners. The total flow deviation
between the highest and lowest flow burner with the windbox dampers
100% open was 14.45%. With the windbox dampers open to the 55%
open position, the total flow deviation changed only slightly to 12.1%.
Flow deviations on a burner-by-burner basis remained relatively the same

as well.
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12. A comparison of the perimeter loading distribution deviations on the H
windbox burners for the two windbox damper loadings highlights how
disturbed the airflow patterns in the windbox are. Normally, if windbox
airflow patterns are uniform, perimeter loading distribution deviations
remain the same within +2%. In the case of the H windbox test,
significant changes in perimeter loading distribution deviations occurred
indicating that windbox patterns are shifting with time, most likely due to

movement of large windbox vortices.

13. Tests of the B windbox burners in a simulated, out-of-service condition
indicates that airflow through the out-of-service burners is approximately
27% of the airflow at full load. Burner flow deviations, while following
a similar profile across the windbox, show more extreme percentage
differences indicating that one windbox damper may be closing at a

slightly higher rate than the other windbox damper.

14.  Windbox dampers do not appear synchronized with each other. The lack
of synchronization creates side-to-side imbalances which may increase in

magnitude as load is dropped.

4.0 RECOMMENDATIONS

1. It is strongly recommended that the severely disturbed airflow conditions
on the IPSC units be corrected using a fluid dynamics model of the unit
from the air heater outlet to the furnace nose. The model should be used
to locate and correct the flow separations and vortex eddies which are the
causes of the severely disturbed windbox flow patterns. Flow conditions

should be corrected to the following criteria:
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o Maximum Flow Deviations Between Burners - +5%.
. Perimeter Loading Distribution Deviations Within Burners

- £5% for 80% of the test points
- £10% for 100% of the test points

The reasons for the fluid dynamic model recommendation are as follows:

a. Balancing airflows to burner via modeling and installation
of flow correcting devices can be achieved for less than
25% of the cost of installing windbox airflow meters. The
long-term maintenance costs of airflow meters are also
avoided. Also, some airflow metering devices such as pitot
tubes and air foils require uniform airflow (i.e., modeled

airflow) to work correctly.

b. The very large variations in mass flow between burners and
within burners can potentially lead to localized overheating
and eventual long-term failure in finishing superheater and

reheater tubes and support hangers.

c. The severe perimeter loading distribution deviations in the
burners creates an oscillating, oxidizing, reducing
atmosphere condition on the burner walls. Long-term tube
wastage around such burners has occurred on other units

due to this phenomenon.
d. The perimeter loading fluctuations make flame scanning

more difficult. Improving the perimeter loading to the

burners will increase flame scanning reliability. Balancing

RJM Corporation * Ten Roberts Lane, Ridgefield, CT 06877 « 203 438-6198 « Fax 203 431-8255

IP7_001929



7

the flow deviations between burners will also provide more

uniform light flux levels to the scanners.

€. Airflow balancing by banding is not reliable under such
severely disturbed flow conditions. Also, perimeter
loading distribution deviation problems of the magnitude

seen on Unit 2 cannot be corrected by burner banding.

2. Synchronize all windbox dampers over their turndown ranges.

5.0 DISCUSSION
5.1 Report Overview

Tables 1-6 summarize the air distribution and balancing data for each of the six
tests performed on Intermountain Unit No. 2. Tables 1-4 summarize the data
collected at 1152 data points in 48 burners. Tables 5-6 summarize data collected
at 288 data points in 12 burners in two different windboxes. Tables 3-6 are found

in the Appendix. The following identifies Tables 1-6:

e Tablel- Post Balancing Outer Zone Air Distribution

e Table?2 - Post Balancing Inner Zone Air Distribution

o Table 3 - Baseline Outer Zone Air Distribution

e Table4 - Baseline Inner Zone Air Distribution

e Table5 - "B" Windbox/Burner Distribution in Qut-Of-Service
Mode

e Table6 - "H" Windbox/Bumer Distribution - 100% Open

Damper Position
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2804 4583 2550 3459 3738 3985 2792 2933 2640 2769 4146  34iT 2409 2733 2294 2015

3832 S011 3584 3859 4166 4275 3226 3365 3090 4084 4489 4298 3111 4177 2876 3307 3476
10 -1 3 11 20 23 -1 -3 -l 11 23 24

WAV AUV RVRY O Rz kR LRV ULV L LA A VYUY VYWV VWYY yVUY sUHy

3604 3403 3292 3891 3692 3560 3875 3969 3938 417% 3838 38 4001 3969 3663 3531
2377 2792 2305 2398 3292 1943 1970 2077 2829 2964 2561 3144 3171 2804 2865 2927
3014 3172 2555 3482 3500 2274 3286 3293 BBl 3496 3142 34€0 3627 3275 3169 32W4 3379
-11 -6 - i ¢ -3 -3 -3 5 3 -1 2 1 -3 -6 -3
FVEV  RERx RVEV  RVRV k5% VRV KVEV  RVEV RVEV  RVEV RVRV K33 VRV RVRV RVRV O RE33

3445 3692 3678 3663 3618 3278 3053 2890 2663 2451 2989 2652 2675 2863 3922 3007

2346 2430 1848 1988 2792 2606 2274 2430 1943 1742 1952 2224 2024 2108 2539 2675

2682 3352 2263 3323 3118 2854 2527 2742 2233 2136 2551 2384 2284 2397 3501 3318 2893
-7 16 -22 15 8 -1 -1 -5 - -2 -120 -18 -l -1T7 21 15

SVEV  VUUV  UVVV VYUV WVVV  RVEV VRV s3X5 RVEV O RVEV  RVEV kKRR XVRV RVRV O YVVY O WWWY

3560 2989 3079 3604 3488 2989 2939 3082 3028 3333 33BY 3768 4049 3985 3874 3516

2204 2185 2080 2640 2745 2264 2595 2550 2377 2550 2652 3002 3238 3053 2939 2792

2837 2556 2785 3338 2921 2876 2116 2863 2644 2957 0O 3397 3671 W4BD 3191 3IM 3060
-7 -16 -4 9 -5 -13 -9 -1 -l -3 l 1 20 13 { 3

SVEV  KVRV  RVEV  RVRV RVEV RVRV RRRE RREX O OBVRV O KVAV RVRV O XVRV O VWVV VWVY ke aVRY

3560 3403 3265 2890 2804 3092 3079 3184 3618 3474 3445 3823 3604 3292 3531 3333

2733 2698 2165 2006 2204 2264 2583 2528 2745 2902 2550 2899 2506 2506 2528  27Tll

3238 3009 2696 2331 2381 2691 2829 2843 3327 3162 3011 3453 2894 2887 3206 3017 3003
g 0 -0 22 -2 -1 -6 -5 i § LU

VUVV - VYRRV RVEV KVRV AUV k33 aURY VWY VAV VWY VWV RVRV YUYV Heek

3798 3738 3053 3574 3375 2977 3798 3560 3281 37TH3 3663 3073 2088 4278 4081 3516

3002 2652 2617 2506 2234 2367 2572 2640 1891 2033 2080 2204 1970 2506 2356 2284

3565 2965 2800 3114 2613 2680 3397 3139 2336 3076 2709 2536 2436 3364 2978 32l 3006
19 -1 -1 L 13 ¢ -22 2 -0 -6 -13 12 -1 T

Code = KUKV exy  YUUV—SVEy$HHFteksxxrdROR0 SURY - VRV RREE RVEV RVEV  RVEV RVEV  RVRV KRV RVRV VRV RVEV RVEV O GUUV VWUV #URY

%
Deviation

-4,18

3.19

5.64

2.70

-12,08

-6.99

-8.7%

-8.64

Velocity
Peak

4895

5102

4694

3853

4212

3829

4278
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AIR DISTRIBUTION ANALYSIS
POST BALANCE QUTER ZONE ATR DISTRIBUTION ANALYSIS

]

Deviation

-§.14

-5.08

-3.86

-2.68

-1.13

§.71

-1.97

-1.62

Velocity
Peak

4113

4212

4748

4858

4748

4766

4245

Burner
Test Point {deg) 0 15 30 45 60 1] 80 105 120 135 150 165 180 195 210 225 240 258 ALl 28" 300 315 330 345 Average
BURNER  FB2
High - 317 3144 3053 3066 3040 2804 3158 2745 2606 3488 3347 3707 3545 3083 3375 3474 3875 37H3 3985 4097 3969 3875 3938 3860
Low - 2528 2517 2430 2254 2080 1961 2156 2326 1900 1961 2146 2234 2652 2388 2430 - 3118 3224 3066 31713403 3197 2517 2877 1908
Average - 2871 2772 2705 2728 2447 2278 2697 2503 2138 3082 2430 3251 2809 2726 3056 3312 3562 3427 3627 3461 3680 3022 3678 255} 2970
PLD% - -3 -1 -4 -8 -18 =23 -9 -16 -28 3 -18 8 -2 -8 3 12 20 15 22 30 24 2 24 -14
Code - VRV kkkx RVEV RVEV VRV RVERY RVRV Rkt aUAV RVRV RVRV O VYUV RURY O RVRV RVRY d¥dx VY VY YV www
BURNRR  FBI
High - 3783 3783 3891 3844 3604 3459 3265 3105 3184 3028 3028 3105 2829 3158 3040 3184  37HY 3938 3B2%  3E18 4113 4065 3938 4065
Low - 3265 3197 3238 2792 2583 2829 1742 1790 2462 2572 2315 2274 175 2204 2165 2294 2780 3333 2675 2804 3131 3417 3560 3633
Average - 3552 371 3619 3308 2914 3125 2073 2731 2720 2884 2552 2810 2386 2852 2491 2839 3419 3666 3017 3385 3846 37IT 3738 3850 3123
PLDX - 14 11 16 b -7 0 -4 -13 -13 -8 -18 -10 -24 -9 -20 -4 9 17 -3 7 2] 20 20 23
fade - VYUV RVRY  kE3k RVRV O SVEV RVRV k3R RVRV O XURV O RVRV RVEV RVRV O RVEV O YWWY VUV #yEV YWY
Bt
Oh 3361 3417 3633 3860 3953 3783 3798 4212 4212 4065 3814 3144 3922 4001 4065 3692 3618 2890 3%06 4113 3875 3278 3389
Low - 2441 2451 2687 rTo o 9760 2640 2080 2214 2829 2495 2595 2506 2572 2581 3158 2964 3028 2377 2284 2204 3079 25727 2194 2204
Average - 2905 9994 G109 L.oai oD aBDD O 2R41 32701 3844 2901 3706 2861 2861 3552 3642 3351 3394 2792 2613 3283 3689 3215 2708 2945 3163
PLD% - -8 -5 -2 -3 -0 1 -20 3 22 -8 17 -10 -10 12 15 b (| -12 -17 4 11 3 -1 -1
ode - XVEY  RVERV  RVEV VRV VYV VYUV RVEV O WVUV O VVVV O VWYV VWV VWVY RERx VVUY O UVVY VWYY Rxkr VRV VRV VWYV VYWV VUV RVERV VRV
BURNER  RD2
High - 3798 3604 3663 4049 3875 3197 4049 3922 3502 4113 3969 3105 3158 3028 3066 3574 3403 4049 3829 4245 4748 4431 4081 3844
Low - 3144 2780 2595 2473 2346 2325 2652 2052 2335 2409 2780 2117 2346 2572 2274 2606 2413 2473 2595 2698 3502 3574 3053 3079
Average - 3505 3265 3006 3445 2769 2784 3598 2615 2858 3533 3099 2530 2820 2830 2789 3171 2819 3508 3048 3635 4259 3913 3509 3524 3202
PLD% - 9 2 -6 8 -14 -13 12 -18 -1l 10 -3 -21 -12 -12 -13 -1 -12 10 -5 14 33 22 10 10
Code - $Ek% KUY KUKV KVRY  RVRY O RVSV VRV RURY O VXV RVRV  EURY RVRV KUV ERxy RURV RVRV RURV O KVRV RVRV O VRV VYUY FYRY  di%3
BURNER  RD3
High - 3403 3251 3814 3633 3648 3333 3589 3238 4097 3783 3545 3722 3B02 4017 3922 3768 3417 4065 4414 4858 4535 4345 419F 3197
bow - 2733 2015 2254 3040 2769 2640 2792 1857 1997 2865 2356 2305 2388 2629 3197 2841 2710 2802 3633 3733 3616 353l 2484 2070
Average - 3015 2525 3276 3339 3162 2974 3193 2348 3241 3243 2851 3070 2878 3384 AT 3311 3084 3693 3987 435D 39B9 4013 3030 2658 3253
PLD% - -1 -22 1 3 -3 -4 -2 -28 -0 -0 -12 -6 -12 4 7 2 -5 14 23 H 22 23 -1 -18
Code - $R%% RVEV O RVEV  xkk% SVEV  RVXV  #VEV KUKV XVEV VRV RVEV RVEV  RVEY RVRV REk% RVEV VRV RVEY VWYV UVUV  kkRx XURY #VRY
BURNER  RD4
High - 1953 4552 4130 4212 4097 4623 4379 4312 4414 4278 4587 4065 3618 3445 2089 4179 4097 4033 4748 4345 3985 3445 3692 3985
Low - 3079 3131 3184 3502 3333 3319 3474 41T 3389 3131 3184 2325 2430 2769 2409 2517 3319 2710 3040 3144 2194 2274 2595 2640
Average - 1580 3844 3718 3876 3784 4138 3848 3966 4061 3371 3780 2686 3187 3120 2745 3629 3681 3160 4055 3TI1 2987 2866 3070 3386 3511
PLD% - 2 § & 10 8 14 10 13 16 -4 g U -4 -1t - 3 5 -1 15 g -15 -1 -1 -4
ode - VRV OUVUV VRV kesk kkkd YUYV VYVY O VUV UYVV O WUVY VUV KUKV RVRV sk RE3%x 0 RURV RX&k RVSV O VYWY VWYV RVRV RVRV VRV RVRY
BURNER  RDH .
High - 3953 4001 3707 4049 4049 3969 3953 3531 3531 3251 3648 3361 3319 2710 3502 4065 3906 3618 3783 3618 3648 4766 4676 4379
Low - 2377 3053 3040 3211 3292 3251 3184 3002 2377 2629 J066 2804 2315 1734 1798 2721 - 2042 2080 2451 2484 2506 3066 3445 2430
Average - 3332 3443 3382 3694 3638 3620 3536 3250 2701 3023 3427 2989 2821 1913 2971 3444 2512 3128 3075 2961 318 4417 4018 2934 3225
PLD% - 3 7 5 15 13 12 10 1 -16 -6 6 -1 -13 -41 -8 T -2 -3 -5 -8 -1 31 25 -4
Code - VAV RVRY  kRE% RUAV kkkd kkE¥ R3¥E KRRk RVEV O RRRE kE3k KRRk RVRV YRV RVRV O RVERV VRV RVRV RVXV O RVRV O RVURV O YUYV YUYWV VVWY
BURNER  RDE
kigh - 1906 4081 4195 3875 3604 3738 3768 3375 333 385 3645 3197 3648 3689 3292 3906 4146 4081 4048 3722 3278 33BY  34BY 4245
Low - 3292 3238 3361 3211 2721 2792 2274 2185 2629 2595 2583 2745 2027 2506 2462 2952 3292 2214 2686 2583 2409 2550 2583 2877
Average - 3669 3625 3776 3513 3095 3355 2698 2837 2873 3463 3001 3002 3391 2849 2986 3602 3668 2881 3649 308h 2936 2849 3003 3748 32317
PLD% - 13 12 17 4 -4 4 -117 -9 -1l 7 -1 -1 5 -12 -8 11 13 -11 13 -5 -4 -12 -1 11
Code - Vv KVEV  RVEV  RVRV VRV AUV YUYV XURV Rxd RXRX 0 kURY xVRV O UVYV O VWYV VUVY  UVVV O RVRY O RURY SURV O RVRV O VVWY
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Test Point (dég)

...................................................................................

BURNER

RH1

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

Average
PLDX -
Code -
RE2
High -
Liow -
Average
PLDY -
Code -
RH3
High -
Lav -

vta

Code -
RE4
High -
Low -
Average
PLD% -
Code -
RHS
High -
Low -
Average
PLD% -
Code -
K6
High -
Low -
Average
PLD% -
Code -
RC1
High -
Low -
Average
PLD% -
Cade -
€2
High -
Low -
Average
PLDY% -
Cade -

3574
2952
3142

-13
ki

4245
3574
1899

¥xk%

4113
2921
3572

-8
Wy

4162
2539
3108

-4
Wy

4130
2911
3426

-3
A

3158
1874
2354

-2
Wy

3738
2325
3084

-15
¥VEY

4130
2902
3362
132 3]
3985
2052
3310

VEY

4261
3306
3934

LAY

2604
LV

-12
vy

535
2952
3838

Vv

1648
2733
3066

-1%
FVEY

4179
2816
3520

XV

3829
2194
2745

-17
£xy

4261
3158
3602

Wy
3985
2917
36798

LA'EYY

1860

3105
3518

tE 31

4245
2506
3242

Vvvy

4329
Jad
3726

Vv
4146
2473
3126

Vv

4517
3265
4043

12
Vv

45117
3814
4195

14
E2233

4858
LM
4443

11
vy

4488
3265
3189

Vv

4396
3066
3904

19
Vv

1938
2462
3046

VY

4379
2890
3458

HVHY

4212
3066
3844

kVRY

4694
1516
3866

Vv

3829
2356
2125

-25
i

4623
3015
3327

-6
Vv

1
2462
2840

-1
XVHY

4482
3333
3900

Vv

4113
2989
34517

L3

4162
3874
3823

¥1%%

43162
2398
3977

10
Y

4605
3053
3963

12
vy

4587
2495
3998

Al
vw

AIR DISTRIBUTION ANALYSIS
POST BALANCE OUTER ZONR AIR DISTRIBUTION ANALYSIS

Burner

120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Average

3353 4216 3685 2773 2629 3220 3176 3610 2646 2741 2412 3056 3197 4065 4127 3506 3520

3663 - 4414 4362 4329 4205 3488 4162 4195 4835 4448 3738 3707 3589 3663 4431 3906
2430 2710 2595 2792 3053 1943 2006 2146 2224 2792 MMTI 2686 2927 2816 3066 3144
2878 3890 2989 3802 3370 2341 3547 2531 4007 3399 3477 3288 3268 3198 3772 36TV2 3350
N—F7" +—4—3 -2 -5 13 1
VRV UVVV O YVUV VYWV VWV RURV O VWUV VYWY VVVY UWUE eRRE O RURT SRR KRV UUVY ek

4913 4895 4431 4379 3985 3829 4228 4195 4641 4081 3814 3361 3618 4396 4328 3922
3459 3171 3545 3663 3417 2108 2629  3L7L 3197 3474 2877 2816 2675 2804 2890 2769
4612 3687 4103 3933 3628 2745 3925 3452 4148 3786 3293 3046 2953 3911 3255 3410 3611

YW v SRR RXE% RVEV VRV VRV VWUV kR XUV 3Ex 0 BVERV O RVRV O RVRV O RVRY

5044 5044 4641 4587 3783 3604 4195 3678 3798 4587 4431 4065 4785 4821 4730 4162

2145 3171 3844 2939 2305 2572 2721 2769 2964 3105 2484 2640 3474 4195 2698 3053

4393 3841 4305 3787 2705 3112 3356 3Tl 3329 4102 2855 3T4L 4480 4551 3300 3795 3683
19 4 17 I -1 -16 - 16 -10 -2 2 a1 2 -10 1

W VVUV  SVRV RVRV BVREV RVEV RVRV O VYUV RVRV O RVRY VWY VWV VY

4605 4658 3118 4748 4676 3663 4895 4785 4712 4500 4500 4482 4895 4895 4605 4431

1648 2104 2409 2583 2780 2853 3389 3333 3545 3278 272l 2816 4033 3922 2964 2865

4306 2663 2895 4176 3220 3247 4424 3871 4127 3856 3313 3987 4667 4395 3714 394 3787
-3 - 1 -1 -i 117 2 $ 2 -1 5 23 16 -2 4

VVVV VWUV RVRV O VYWV VVVV RVRV VWY VUVY O VWOV VWYY WV WV VoW v

4212 3403 4414 4097 3969 3184 4500 4179 4362 4694 4552 4535 4482 4362 478D 4608
2127 2561 3131 3678 2865 2710 2629 2769 3516 3860 2964 2902 3333 3268 3516 3211
2641 3155 4014 3903 3196 2931 4022 3404 4000 4202 3507 4014 4002 3864 4241 3887 3626
-7 -l 11 8 -12 -1 1 -§ 10 16 -3 1! 10 7 17 7
VRV VRV RVRV kiRt RVEV kX% RVEV O RVRY O ¥3xk VAV RVERV RVEV RVEY O VVVY O YWWY

4500 3829 4658 4641 3618 4431 4465 2710 4517 4623 4146 4468 3798 4517 4162 4212

2841 2964 3574 3333 3040 2853 2495 1687 2356 3292 3LTL 3238 2952 3002 3015 3445

3202 3495 4380 3631 3281 3676 2954 2021 4064 3705 3513 3870 3268 3890 3490 3752 3543
= - 24 3 -1 ¢ -1 -4 15 § ) SR Y 10 -1 b

VUVV —sVsV UVUV VWV ke YUYV UVVV RVRV O VYUV VWYY RVRV O VUVE O RVEV O WWWY VY

4278 4329 4278 4146 3389 4195 4212 3844 4535 4887 4312 429%F 4130 3545 333 3083

2841 3079 3618 2136 2070 3040 2451 2419 3306 3197 3§16 3545 3218 2804 2430 2398

3149 3864 3877 2513 3003 3811 3052 3205 4212 3747 3990 3891 374 3180 2825 2Mi8 3310
-5 Iy - -9 15 -8 -3 A 13 21 18 13 -4 -15 -7

VWY o vy VUVV xVEY O VUVY O UVVV RVRV O VYWV VWY VUVV  #Vsv 7Ry VRV

%

Deviation

§.96

1.80

9.15

11,94

15.08

10.21

7.67

b.60

Velocity
Peak

.............................................................................................................................................................................................................................
............................................................................................................................................

4535

4913

§044

4895

5082

4658

4587
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L

Test Point (deg)

...............................................................................................................................................................................................................................

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

RC3
Righ -
Liow -
Average
PLDY% -
Code -
RC4
High -
Low -
Average
PLDY -
Code -
REH
High -
Low -
Average
PLD% -
Code -
RC6
High -
Low -
Average
PLD% -
Cade -
161
High -
Low -
Average
PLDY -
Code -
RG2
High -
Low -
Average
PLDY -
Code -
RG3
High -
Low - .
Average
PLD% -
Code -
RG4
High -
Low -
Average
PLDX -
Code -

45817
3015
3872

3R 3]

3783
2675
3156

3y

4033
3306
3754

14
L33

2792
2335
2592

-12
£33

4295
2927
3288

VVvY

4362
3028
31766

VRV

3906
2792
343

VR

4228
3514
3868

18
12333

2977
2367
2649

-10
WA

3663
2902
3309

L3231

3953
2841
3481

VEV

4396
3105
3650

Xy

3922
21640
3234

V¥V

4065
an21
297

$VEY

2952
2462
2646
-1
E2 33

37138
3105
3508

E313

3322
2364
3461

*VEV

4448
3131
3856

12
Wy

4431
2757
3853

15
VW

3953
2192
3538

xy

3308
2495
291%

FVEY

179
2939
3679

15
LA

4130
2388
3190

ww
4033
2769
3252
VRV
3238
2224
2830
VY
4587
2305
3066

yvvy

4312
2816
1265

Y

4195
2804
3288

-2
LA

3618
2388
2881

-12
Ky

3281
2629
2874

-2
332

U
2733
3058

-5
Wiy

4179
3028
3530

VY

4396
2583
3827

18
vy

3502
2539
3054

¥y

3
2451
2781

-13
Wy

3361
2024
2984

-13
Y

4552
3131
4170

e
ww

4081
2829
3504

xVkY

1028
2367
2649

-10
VY

4587
2121
3670

14
LAAL

3604
1774
2141

-36
RV

4228
2675
3004

-11
ww

3829
2606
2971

-10
FVEV

3040
1970
2437

-17
VY

4049
2462
3000

VY

3589
2698
3184

VRV

3092
2156
2469

-25
VRV

3063
2254
2664
ViV
3969
2539
3088

iy

AIR DISTRIBUTION ANALYSIS
POST BALANCE OUTER ZONE AIR DISTRIBUTION ANALYSIS

4081
3
3829

14
WY

4345
2441
3818

16
v

218
2451
2866

$VHY

3844
2388
2803

-13
KAy

322
2561
3424

-1
VY

4017
1766
2144

-36
ViV

4278
1774
2253

-32
VY

3184
2686
2923

-0
13333

3417
2398
2842

-1l
£y

4500
2583
3253

vy

3953
3292
3582

EE13

3265
1766
2864

-15
ey

3678
1943
3034

-8
Y

2792
2441
2617

-1t
L2323

3985
2430
1314

VY

3545
2484
2340

-11
KVHY

3278
2506
2888

xViY

3168
2146
2569

-20
iy

4097
2640
3046

W

3604
2629
3155

xVy

1224
2325
2597

-12
¥y

3187
2194
2706

-16
Ay

3184
2451
ans

-2l
Y

3618
2629
3247

-3
AHy

3574
2675
an
$VHY
3319
2356
2957
$VEY
LEXE}
2572
307

L3211

45817
2462
4114

19
tHY

3560
2675
VA

-4
WHy

4081
2780
31178

Y5y

3707
anl
3185

YRy

3292
2484
2745

-14
LAl

4535
3265
3694

VY

3502
2649
2910

-14
ALl

3831
2902
3178

L2333

4329
3105
3954

3%
LAAL

3648
2640
3212

XY

3969
3002
3552

L)

4312
2989
3690

26
Vv

3122
2136
2687

-16
Y

4988
3107
4521

Vi

4049
3197
3629

Uy

4785
3431
4247

29
Vvwv

4065
3131
3633

i

WY

3431
2430
2906

A

45117
3663
4222

25

3574
2841
3223

-2
AL

3361
2528
2968

VY

212
3648
3870

2l

345

4329
3131
3798

10
sysy

4312
3197
3613

Vw

3768
3079
3358

E221

3184
2561
2769

-6
E2334

4362
3768
4138

29

Burner

Average

3256

3203

3392

3447

3365

3290

2936

3206

%

Deviation

-1.08

-2.65

3.09

4,78

2.26

-0.02

-10.77

'2155

Velocity
Peak

4552

4658

§159

4552

4785

4329

4587
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Test Point {deg)
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............................................................................................................................................................

BURNER

BURNER

RGH

RG6

High -
low -
Average -
PLDX -
Code -

High -
Low -
Average -
PLDY -
Code -

AIR DISTRIBUTION ANALYSIS
POST BALANCE OUTER 20NE AIR DISTRIBUTION ANALYSIS

Burner

120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Average

3490 3331 3961 3667 3328 3495 3729 3206 3243

3353 3005 3238 3173 217z 2515 2947 2665 3472 2922 2898 3636 3507 3073 3862 3587 322

% Velocity
Deviation Peak
{443
'l~45
4465
-5.11
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Summary

2964.82 fpm
12,41 %

-12.64 %
25.05 %

hverage Velocity All Burners =
Kaximun High Flow Deviation =
Ninimug Low Plow Deviation =
Total Flow Deviation =

Test Point Velocities (Feet/Minute)

AIR DISTRIBUTION ANALYSIS
POST BALANCE INNER ZONE AIR DISTRIBUTION ANALYSLS

Table 2

Condition

Blocked Flow
Vortex Action
Flow & Vortex Action

345

Burner
Average

%

Deviation

Velocity
Peak

...............................................................................................................................................................................................................................

Test Point (deg) 0 15
BURNER  FE6
High - 3095 3419
Low - 2689 2741
Average - 2861 3108
PLD% - -11 -4
Code - I3 TN 21 41
BURNER  FES
High - 2969 3388
Low - 2406 2638
Average - 2674 3120
PLD% - -15 -1
Code - b33 1 S 12 41
BURNER  FE4
High - 4386 5279
Low - 3558 3799
Average - 4006 4602
PLD% - 27 45
Code - kkkx YVW
BUANER  FE3
High - 2741 3589
Low - 2233 2394
hverage - 2421 3013
PLD% - -15 §
Code - 1233 S ' 11
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Righ - 2807 3605
Low - 2221 2301
Average - 2504 3130
PLD% - -4 7
Code - LIE 1A 38 3]
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2833
2233
2545

-11
il

3750
3181
3468

19

2807
2027
2568

-7
(234

1932
2335
3329

18
Ky

3434
2638
3040

rVY

2794
1622
1910

-3l
KRy

1965
1676
1801

-35
3133

4051
2490
3458

18
Vv

2928
1694
2629

XYy

3865
2794
3147

AL

3865
3404
1578

23

3025
2576
2808

-11
£33

3574
3053
3355

11
t55¢

3254
2266
RN

75y

3653
2702
3049

10
sy

2874
2551
2682

-15
3217

4813
3542
4431

53
VYW

3881
2502
34498
2
VY

4278
268¢
3786

3
VUvY

3898
3298
3538

2l

4207
3558
3832

42

3701
2997
3361

i1

4386
3853
4080

¥

3605
2563
2896

VY
4068
2490
2924

VY

4155
2741
3138

19
Uy

2847
181
2251

-23
Wy

2689
1944
2o

-20
L3t

4085
2983
3533

12
Ry

2983
2221
2550

-11
Hxy

2794
2166
2556

-13
VY

2617
2069
2374

-14
¥y

3221

3151

3165

2862

2924

211

8.64

6.29

6.76

. =348

-1.39

-§.5%

5425

5279

4818

wi—

4278



6£6100 Zdl

Test Point (deg)

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

FAG
High -
Low -
Average
PLD% -
Code -
P45
High -
Low -
Average
PLDX -
Code -
Fad
High -
Low -
Average
PLDY -
Code -
FAd
High -
Low -
Average
PLD% -
Code -
FA2
High -
Low -
Average
PLDY -
Code -
FAl
Righ -
Low -
Average
PLD% -
Code -
PEE
High -
Low -
Average
PLD% -
Code -
FF5
High -
low -
Average
PLD% -
Code -

3269
U
3006

VY

2754
2359
2580

-1§
21

2465
2122
2265

-23
$x%¥

2502
2122
2309

-2l
L214]

2394
2048
2231

-30
E223]

2860
1312
2570

-18
kkx

2860
2155
254

-12
Wy

3373
ALY
3001

FVEV

2681
2166
2410

-23
(2234

3081
2394
2715

-13
VY

3881
3152
3442

13
333

3574
2651
3284

12
VY

3313
3039
3212

10
323

3083
2477
2904

332

3167
2128
2951

(3123

4207
1T
3§38

2l
b2 3 3

3669
3123
3424

13
¥1%%

3589
ANN
2136

-1
¥y

3210
2514
2755

iy

4314
2914
3871

21
v

3832
2189
3536

13
Wy

4350
3799
4158

28
£555

3865
3343
3539

18
233

3685
2613
3364

14
AVry

3095
2526
2848

x5%%

4190
3621
3891

22

46217
3521
4298

37
Vv

4760
4131
4440

33

5015
3339
457§

40
WAL

3932
3210
3589

18
¥tk

3669
3269
3435

11
L2233

3011
2285
2605

-11
3231

4423
3750
4014

26

4441
2969
3681

18
VW

4627
3434
3750

13
Vv

4608
2780
3322

VVVY

3685
3254
3445

13
333

3527
an
2533

-4
LAY

2887
2370
2708

i3 33

4172
2551
2115

-13
Vv

3627
1544
2093

-3
LAY

n
2928
3251

1123

2942
2199
273

e

3011
2664
2847

$¥%%

3898
2576
3515

10
Y

3167
1703
2833

-10
Lk

2820
2210
2423

-17
Y

2942
2526
2762

tE 13

3898
3181
3402

12233

3782
1887
3472

11
KVEy

3815
3138
3418

13333

3N
2528
2879

e

2429
a1
2255

-23
(213

2874
2406
2621

-11
(223

1343
2453
2789

-13
Ay

3750
1601
2922

¥RV

AIR DISTRIBUTION ANALYSIS
POST BALANCE INNER ZONE ALR DISTRIBUTION ANALYSIS

3527
2847
Ja41

-1
t2 23

2969
2166
2505

-18
LY

2601
2221
2404

-18
*¥%%

28417
2453
2598

-11
£33

2702
2166
2368

-26
$ikx

3313
2728
3061

$¥%%

2626
244
2400

-18
L322

2780
2359
2559

-13
13114

3138
2188
2850

-11
$EY

3419
2588
2879

VY

3815
3123
3408

E233 3

3313
1747
2181

-28
L)

3239
2278
2914

kY

2820
2359
2591

-12
L2335

3605
2689
3355

Ry
3605
2754
3183

L

2244
1649
1888

-38
Y

AREA)
a1
2413

-18
¥Ry

3039
2429
1747

-6
V5V

3915
3404
3140

17
t23 2

3750
3123
3569

14
¥ki%

234
1874
2016

-3l
1454

2807
2080
2378

-19
KUY

4423
RYKH]
4192

i

37
3343
3484

11
besy

1138
1985
2831

LA

2394
1914
2100

-28
$VEY

4368
3558
3831

20

3589
3254
3412

L2323

3589
2588
3210

RV

3768
2847
3512

20
¥Hy

3081
2048
2843

VRV

1815
3254
3494

19
(3333

3496
3067
EPALS

(13

2874
2408
2697

-17
5%

3480
2860
3082

L2333

1849
3343
1827

24
x4y

4386
2807
3921

3
vy

318
210
3523

10
3231

3328
2887
3065

Fxx

3915
3039
3495

15
Ry

3637
2301
3187

FVEY

4386
3067
1453

18
vww

3685
1067
319

331

3404
2969
3155

1223

2314
2158
2366

-27
Y

4160
3158
4798

18
v

465
2442
4178

43
Vi

4515
2883
4185

43
VVyv

3436
2663
29417

ARV

3156
2613
2859

-9
13334

3053
202l
2829

-13
WY

4478
3982
4138

38

4627
4225
4422

§1

4515
4068
4282

48

3239
2702
2888

£33

3181
2715
2947

123

41172
3419
3T

Al

3239
2767
2933

t112

3053
2539
2802

-10
1158

3653

2312
2904

LR

3449
2563
2837

VRV

3328
1728
3087

¥1%%

3419
2626
3021

-4
ey

345

3081
2289
a7l

-10
¥y

2820
2048
2282

-22
Y8y

2874
2289
2446

-17
k)

3239
1855
2129

-33
k)

3
3095
3358

(233

Burner
Average

3090

3333

3258

3040

2930

3191

3130

%

Deviation

{.21

12,41

§.90

2.5

[
<>

'1016

.62

5.59

Velocity
Peak

4760

5015

478

4855

4515

4423

4627



0¥61L00 Ldl

Test Point {deg)

ATR DISTRIBUTION ANALYSIS
POST BALANCE INNER ZONE AIR DISTRIBUTION ANALYSIS

345

Burner
Average

%
Deviation

Velocity
Peak

................................................................................................................................................................................................................................

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

FF4
High -
Low -
Average
PLD% -
Code -
FF3

High -

Low -
Average
PLD% -
Code -
FR2
High -
Low -
dverage
PLD% -
Code -
FF1
High -
Low -
Average
PLD% -
Code -
FB6
High -
Low -
Average
PLDY -
Code -
FBS
Righ -
Low -
Average
PLD% -
Code -
PB4
High -
Liow -
Average
PLD% -
Code -
FB3
High -
Low -
Average
PLD% -
Code -

2526
1613
2133

-23
Uy

2794
1955
2160

-26
VY

2539
2133
2288

-22
233

3053
1874
2877

VY

2301
1934
2149

-27
12334

3637
2080
3078

LAl
3067

2490
2139

L3 23

3181
2310
2859

xVEy

2969
24117
2812

1333

2901
2155
2561

-13
iy

3182
3181
3461

17

3011
2613
2800

333

3558
23417
2692

¥y

3108
2490
2706

L1234

3701
2833
3433

24
LAY

3848
2441
3428

17
Vv

41317
3419
3754

21

3152
2754
a1

12
1333

3766
3343
3513

2
$15%

4102
3496
3787

29

4068
3t
3898

32

2955
2048
2318

-13
A

3932
2928
3423

17
Vv

4102
3542
3864

il

2465
2058
2306

-14
L2233

3196
2874
3019

L2113

2860
1904
2588

-10
VY

3343
2255
2545

VY

3832
3210
3498

19

3932
3225
3533

20

2983
1944
2629

1371

35217
1341
3221

17
KVey

3932
3284
3543

21

3865
3167
3458

11

1233
1768
1876

-30
¥xy

2955
2441
2756

E223

3669
2601
3007

VRV

3589
3067
3333

20
b33

3815
2969
3257

11
Vv

3574

2914

1245

10
1i%%

2664
1787
2385

-11
RV

2794
2477
2622

(233

2997
2382
2659
£Vxy
3527
1218
1545
132 34

3210

3081
244]
2764

FVEV

2928
2441
2639

12334

2576
1965
2156

-22
¥Ry

2490

3167
2689
2922

3333

3011
2359
2680

LAY

2441
1996
2213

-18
$5%%

2080

3095

3081 2983
2551 1740
2850 2111

kit RVHY

3465 2741
2406 2037
anis 223l

EAE3 I ' 4

4243 4190
3239 3404
3987 3716

4 3
YV

3109 3284

2221
2436

-15
1Y

3449
860
3184

E2 13

2563
2210
2393

-10
(2231

1826
2084

-29
JA

3138
1826
2097

-2
A

1N
1934
2069

-22
Y

1722
1889

-36
13

2955
1924
2610

-11
KAy

2199
1855
2034

-24
138

1884
2744

A

3449
2767
3080

£33

1289
1787
2042

-23
*yxy

2601 2651
2905 3064

ESST I 121 5

3138 2677
2406 2255
2682 2456

-3 -1
VRV kERd

2266 2210
1865 1894
2041 2031

-4 U
E233 S 3 £33

2289
1676
1834

-3
Ry

2588
1965
2265

-21
ey

3733
1629
2935
Y

3404

2820
1676
2461

-15
Wy

3449
2210
2983
HHY
3067
2613
2805

(223

1358

3814
2441
3303

14
$VEY

3898
3011
3581

2
Lk

2820
212
2315

-16
LY

3269

3865
2689
3032

vyvy

2301
1118
1921

-31
ALl

3388

1936
1635
1843

-33

L2 3% .

3434

2833
3219

10
£33

2638
2301
2451

-17
L2233

2638
1904
2094

-22
Y

2382
2625

-10
Y

2874
2394
2632

-1l
1453

4016
2058
3442

29
vy

2539
1028

YRy

3138
2551
2921

E233

3965
3284
3513

32

3025
3214

10
L3335

3123
2539
2102

233

4081
3269
3

39

3039
3237

331

2843
2526
2681
it

4368
3465
4140

5%
Vyw

4120
2069
3659

26
LAl

4172
3669
3938

37

2406
1865
2211
-20
_¥V¥Y

3388
3067
3219

10
E233

2914
2626
21U

£33

4225
3685
3913

47

4350
3766
4157

44

4068
3521
3784

i

3284
2090
2997

K3y

3343
2983
3152

t213

2901
2588
2123

-8
E213

3965
2576
2869

VyvY

25176
2058
2247

-16
xRy

2969
1613
1856

-29
¥VRY

2955
a1
2696

(223

2664
2199
2399
-19
£33 31

3025
a1
2191

VY

2840

3097

2893

2878

2769

2§31

2948

2669

'0-85

4,46

943

'2!92

-6.60

-1 14

-0.56

-9.99

5035

4350

4172

4243

4102

4137

4368



L6100 Ldl

Test Point {deg)

................................................................................................................................................................................................................................
- E P A S P R P I PSP S S L L E R S P P S A i 4t S R RS S R P - bbbt bbb dedtefeded et it S e St gt =i g g e e A e N S e A e e b bbb b e b bt i

BURNER

BURKER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

FB2
High -
Liow -
Average
PLD% -
Code -
FB1
High -
Low -
dverage
PLDY -
Code -
RD1
Bigh -
Low -
Average
PLD% -
Code -
RD2
High -
Low -
dverage
PLD% -
Code -
RD3
High -
Low -
Average
PLD% -
Code -
RD4
High -
Low -
Average
PLD% -
Code -
RD5
Righ -
Low -
Average
PLD% -
Code -
RD6
High -
Low -
Average
PLD% -
Code -

7560
1722
2860

vy

3101
2289
2685

XY

3239
715
2373

$3%%

2955
2289
2603

-4
Y

2638
2166
24317

-17
1233

3011
2563
2852

L1 3

3167
2394
2836

VY

3328
2860
3075

13311

3558
2551
3362

24
Y

3343
2301
2984

LY

3167
2887
3045

1323

3799
2820
3414

17
L3 3}

3496
2887
3101

L2331

3621
2794
3066

13
Y

3419
2387
3161

E22 1

4207
3628
3956

29

3832
28817
3571

19
Ky

4155
3152
3806

30
yvwy

3196
2563
2848

L1234

3011
2539
2120

LE33

313
2820
3079

¥¥%%

3750
3358
3603

20
1213

4120
3404
3798

30

3109
2144
2486

-1
$VAY

2780
2312
2576

E2 1

3480
2901
3169

¥t

4137
1480
3823

1

4102
3358
3625

21
(145

4405
3328
3961

35
Vv

2406
1855
137

-25
iy

2526
2266
23

-12
L2223

3225
2874
3050

12233

3982
2651
3110

Wy

3815
2133
2498

-1
VRV

4034
2490
2952

vy

2429
1865
2138

-25
¥yEy

2453
2080
2198

-19
323

3239
2874
3041

LEE3

3449
2588
3199

Ry

3210
2221
2947

¥Vxy

3750
2563
3395

1§
Ky

2102
2188
2403

-15
231

2588
2112
24117

-11
232

3225
2677
2882

12333

3685
3254
3428

11
L3131

3496
3011
3238

E233]

36869
2833
3061

FVEY

2820
amn
2455

-14
Y

2563
2199
2331

-14
L2

3404
2794
3190

E233

3527
UM
2878

Ll

3269
2210
2521

18
58y

3083
1865
2125

-27
HHY

2928
2266
2591

FVRY

2914
2188
2637

L33

3701
2955
3381

15
LY

AIR DISTRIBUTION ANALYSIS
POST BALANCE INNER ZONE AIR DISTRIBUTION ANALYSIS

2754
2149
2417

-1%
LA

2133
1787
1985

-32
$kkt

3225
2347
2815

-1
XYY

3138
2677
2838

1111

3542
2754
2943

-0
VY

2969
1934
2560

-17
Wy

3449
2289
2941

LAY

3138
1465
2704

-8
vy

3269
2860
3037

(223

3011
2301
2588

L3R
2983

2429
2670

¥¥%%

3480
741
3069

1324
3343
2551
3049
ARy
2626
2221
2497

L2111

2983
2551
2769

£33

3152
1544
041

-28
KRy

ar28
2233
2440

-10
2%

2874
1865
2056

-30
KRy

2969
2453
2638

-1
(233

3269
2767
2977

12334

3404
2651
3055

¥VEY

2370
1396
1700

-40
Y

2526
1578
1803

-3
VRV

3404
1865
2315

-2l
Y

2928
2490
2706

-12
E223

3621
2997
3361

12
ik

3123
2188
2480

-15
LA

3558
1460
1866

-34
VY

1904
1587
1766

-3b
L3233

3167
1703
2550

-13
xVRY

2689
2266
2459

-16
L1213

2359
1685
2058

-28
KEy

2860
1703
2408

-11
ey

3313
2563
3120

KRy

3298
2833
3146

$¥k%

2588
2255
2408
-20
E2 337

2928
417
2675

13333

3298
2027
1858

xVsy

3343
2477
3009

11
(e

3328
2626
2924

Kyxy

3196
2928
3083

¥¥%%

2780
2370
2560

-15
L3317

2807
2255
2§13

-14
L2131

4423
3109
3§19

40
Vw

3419
2453
2915

V5V

3685
2901
31253

11
VY

3095
2715
2846

1233

2947
2543
2802

i3 23

2715
2211
2394

-18
£33

4261
3039
3411

22
Vv

2928
1934
2470

EVRY

4102
3323
3841

30

4261
3814
3838

4§

3067
2651
2939

L2232

3239
2794
3076

153

2754
2158
2413

-18
Y8y

4665
3123
4235

49
Vv

4207
2301
3381

25
EE )

4294
3898
4100

39

3152
2794
2972

1233

3167
2847
3005

. R¥¥%

2715
2359
2554

-13
$1x%

4571
3449
3872

36
Vv

5095
2588
4336

60
vy

4207
2417
2378

Vyvy

4355
2983
3428

27
v

2754
2037
2296

-22
Y

345

3558
2820
3210

FVEV

3653
3167
3447

15
31t

3848
3313
3561

22
311

3982
2780
3268

15
A

3298
2335
2686

oy

2664
2233
2454

-17
LEE3

Burner
Average

2624

2590

3076

2998

2929

1843

2102

2943

X

Deviation

-11.50

-12.64

3.76

1.1

-1.20

411

-8.85

-0.73

Velocity
Peak

4261

4243

7560

4405

4665

5095

4296



¢v6100 Ldl

Test Point (deg)

N N T R O R T O T S e Ee I T e T e R e P T S T R T e
..................................................................................................................................................................................................

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

Ri1
High -
Low -
Average
PLD% -
Code -
RH2
High -
Low -
hverage
PLD% -

Code - -

RE3
Righ -
Low -
Average
PLD% -
Code -
RA4
High -
Low -
Average
PLDX -
Code -
RES
Righ -
Low -

Average -

PLD% -
Code -
RHSE
Righ -
Low -
Average
PLD% -
Code -
RCI
High -
Low -
Average
PLDY -
Code -
ac2
Righ -
Low -
Average
PLD% -
Code -

3025
2233
2667

VXY

3210
2465
2840

Ry

2601
2255
2397

-14
$ik¥

2465
1934
2140

-23
$xy

2626
2080
2345

-26
1y

3449
2324
2609

-15
sV

3313
2359
3025

Ve

3025
2406
22

-10
W

2601
2188
2439

-13
32

3095
1965
2686

Y8y

2514
225§
2376

-25
3331

2833
2423
2581

-16
12123

2997
47
2567

k4

3146
2289
2830

Ky

2638
2338
2488

-19
k%%

2997
2851
2800

(2234

2833
2539
2671

E2 33

4120

2983
822

20
Wy

3167
2429
2187

-10
Wy

4515
051
4253

§0

2563
2166
2335

-22
t231]

3109
2651
2874

E2334

IARE!
2441
2646

E233

4225
3799
4011

28
114y

4051
2702
3750

22
Y

4571
4051
$403

42

4496
1436
a4

-28
vy

3123
2266
2109

-10
¥y

3081
2601
2821

(223

2702
ARK]
2296

-17
iy

4122
31832
4316

36

4896
3915
4514

46
LAUAl

3404
2780
3133

¥¥%%

3210
2702
29417

13333

2874
2155
2668

VsV

4722
2901
3164

Vv

4243
3152
3591

16
VY

3685
2037
3327

18
sy

3404
2626
2930

ay

3095
2404
2614

Wy

3225
2588
3016

L3231

4314
2847
3968

25
vy

4225
3254
3924

21
Ay

3653
2324
2765

VY

3848
2997
3546

18
1321

2664
2301
2472

-11
(221

3181
2441
2644

FVEY
4314
2780
3103
Vv
4102
2887
3202

VY

3011
2465
2744

$ees

2115
234
2465
Xukk

2883
244
2461

-23
¥Ry

3313
2324
2677

-13
¥Ry

AIR DISTRIBUTION ANALYSIS
POST BALANCE TNNER ZONE AIR DISTRIBUTION AMALTSIS

2983
2289
2590

LYY

3685
2754
3166

LAY

3025
2453
2174

(221

2502
1955
2132

-23
KV

36317
2335
1322

FVHY

2651
2037
2255

-27
Y

3210
2233
2743

-3
3]

3701
3011
3418

13
E323

2997
2490
2741

E2 233

2155
15817
1828

-34
VY

3574
3152
3352

$5%

2664
2166
2496

-19
i34

3081
2551
2864

*iix

1884
1452
1648

-40
VY

1
3225
3434

E333

31
2539
3080

3%

3284
2664
2997

(223

2090
1§61
1879

-32
K4y

3685
27617
3037

VY

3760
3152
3508

14
12333

2928
1914
2153

-23
¥y

2289
1835
2083

-25
E223

3269
2754
3069

E233

3701
3167
3387

10
1333

2860
1965
2580

2RV

3063
2677
2901

-§
(222

3496
2638
2908

FVxY

2874
1768
2431

-13
Y

34865
2588
3417

P&
Y

3225
28817
3052

1331

2969
2539
2171

-10
t223

4350
3239
4044

46
LAAL

3898
3152
3703

1§
2253

3109
2702
2932

1233

3881
3167
3424

231

3167
2860
3005

-3
L2313

3328
1667
2415

-20
AL

4015
2112
2665

vy

496
kLA
4208

§2
Vv

34
2539
22"

-14
*VY

3081
2702
2817

E223

4496
1685
3

25
vy

4155
2289
3676

3
Vv

12

4190
4526
64

3181
2613
3006

13333

312l
2807
3024

1323

4332
3574
3899

29

4207
3766
4006

44

4515
3419
3659

32
vy

3637
2983
3446

$¥%%

3496
3039
3339

(2313

3608
2702
2923

-8
sy

3496
3167
3304

LE23

345

2969
211
2392

-25
Wy

3527
2767
3061

KVEY

Burner

Average

3161

3105

2829

3013

2788

2768

3178

3086

%

Deviation

6.63

£.1

-4.89

1,61

-5.48

-6.65

7,20

.10

Velocity
Peak

4571

4515

4496

4207

4722

§122

4896



ev6100 Ldl

Test Point (deg)

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

BURNER

RC3
High -
Low -
Average
PLD% -
Code -
RC4
High -
Low -
Average
PLD% -
Code -
RCS ’
High -
Low -
Average
PLD¥ -
Code -
RCE
High -
Low -
Average
PLD% -
Code -
RGI
High -
Liow -
Average
PLD% -
Code -
RG2
High -
Low -
Average
PLD% -
Code -
RG3
High -
Low -
Average
PLD% -
Code -
RG4
High -
Low -
Average
PLD% -
Cade -

2718
2188
2546

-20
1131

2741
232
2520

-11
(223

2741
2417
2549

-19
E2334

2860
2588
anet

-13
E2331

J210
2358
28917

LA

2983
2347
2632

-1
Xy

2969
2601
2812

(323

3095
2417
2919

VY

3621
2601
3211

£yRY

3254
2626
2831

-11
L2313

3653
2514
3279

16
HHY

3109
144
2680

Yy

3081
2539
2794

(223

3932
2969
3636

17
vy

3815
3811
3643

11
23

3685
2794
3423

kY
3511
2588
2860

¥y

3167
2754
2981

t2 33

2794
2450
2627

-10
$%%

1833
2563
707

L33

4225
3733
4043

28

4423
1527
4229

3%
vy

3832
3436
3671

15

28017
2394
2571

E2213

2601
2058
2240

-23
Al

2689
2289
24907

-12
$¥k%

4332
3815
4042

28

4760
4243
4511

44

4137
3574
3868

22

2860
2037
2324

-18
Y

2767
2080
2870

-12
¥y

2901
2370
2637

L2

4243
3750
3999

26

4571
2754
3120

vyw

4102
2955
2

vy

2406
1936
2186

-3
£33

1881
2526
120

333

4137
3095
3379

vvwy

4051
2780
3725

19
sVHY

3637
2997
1264

(221

2741
2289
2482

-12
L2331

2677
2058
2258

-18
Wy

3388
514
2845

-10
ViV

3932
2874
3081

-1
WY

3239
2539
2867

-10
Y

2728
2324
2580

-9
$%%

2728
2080
2519
-4
L Ed'

3514
2155
2344

-1%
13333

3741
2006
2216

-30
VY

3109
2069
22817

-2
e

2807
1955
2153

-32
sy

2626
2221
2439

-14
233

AIR DISTRIBUTION ANALYSIS
POST BALANCE INNER ZONE AIR DISTRIBUTION ANALYSIS

3138
2563
2885

L2334

2334
2037
2193

-20
(2231

2715
2155
2523

-20
VY

2335
2027
2189

-30
333

2677
1396
2432

-24
iy

2588
2233
2381

-1§
£33

3298
2754
3004

E1 31

1429
1884
2155

-22
Y

3865
2563
3499

10
sVHY

2677
2080
2454

-11
VY

36317
2502
3325

LA

2780
2382
2541

-10
¥x¥%

3558
2526
3485

VY
3832
3025
3482
LAALI
2833
2382
2586

12334

3701
3284
3455

L2313

3605
3081
3382

L3337

4085
3N
3784

19

3152
2601
2907

k%%

2408
1631
1932

-30
FVEY

3766
3239
3483

10
(233

3605
3210
3444

10
t3112

3965
3284
3610

13

2794
1965
22171

-20
rViY

1835
1342
1513

-45
Ry

3574
3109
3319

(233

3558
31269
3

(323

I
3095
3313

i3 23

2199
1797
1997

-29
12334

2018
1342
1737

-37
sy

3358
3081
3219

(2332

3465
2502
2131

-13
sy

3605
3053
3364

¥¥x

2969
2069
2627

-1
VY

3982
2102
3493

20
¥VsV

3865
1894
313

al
Y

3239
2969
3109

krix

2914
U1t
2793

-11
113

36317
3269
3520

11
t332

3789
2767
3560

28
$VEV

3982
3358
3671

3
k%%

3138
2626
2853

-10
221

3123
2102
2352

(223

3750
3269
3509

10

3915
28417
3249

15
FVsY

4441
210
3986

37
Vv

3915
3152
3476

26
s

3254
2850
3108

221

3199
2618
2815

-10
L2231

3685
2983
3333

%33

4916
2820
413

58
VW

4665
3982
4337

49

XL
3388
3925

43
Vv

3284
2914
3072

-3
3%

3167
2664

3018

-3
$¥%%

3465
2969
3170

$xx3

4780
4296
4458

58

4722
3766
4130

12
yww

4460
3848
4262

§5

3298
2887
3070

L2231

3358
3039
3216

$5%%

3434
2754
2996

$%%

473
3284
3670

30
v

3480
2983
3266

2231

3404
3038
3256

%%

3621
2860
1212

VY
3701
2514
2789

VY

345

3343
2048
2295

-28
*VEV

3480
2613
2854

VY

3343
1965
2442

-23
Wy

2715
2144
2355

-17
KRy

Burner

Average

3137

2877

2914

1748

3167

3125

3182

2822

%

Deviation

§.82

-2.97

-1.72

-1.31

-4.80

Velocity
Peak

4646

4722

4460

4332

4760

4137

4316



¥v6100 Ldl

Test Point (deg)

...............................................................................................................................................................................................................................

BURNER

BURNER

RGS

RG6

High -
lLiow -
Average -
PLD% -
Code -

High -
lLow -
Average -
PLD% -
Code -

AIR DISTRIBUTION ANALYSIS
POST BALANCE INNER ZONE AIR DISTRIBUTION ANALYSIS

Burner

120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Average

2258 2355 2542 2342 2273 2487 2345 2051 2451 3305 3730 4563 4516 4002 3271 2596 2842

2689 3343 3343 324 3095 2638 2101 3225 3685 4332 4314 4936 4896 4207 3167 2244
1527 1658 2335 3496 2069 2037 3832 3053 1845 1934
2454 3163 3229 2910 2579 2154 1713 2846 3400 4093 2945 4211 4086 3402 2148 2096 ALY
-11 15 18 b -6 -1 -3 { AU 49 T 53 44 2 - -
$RREORVEV O RERR RKRE O RVRV RVRV RVRV RVEV RVEV  RRRE KVEV VWUV VWUV RVRV AVEV s33

% Velocity
Deviation Peak
5075
-4.15
4936
-1.46



22

The following definitions apply to the Air Distribution Analysis Tables:

Burner Average - The Point Average velocities (24 for each burner) are
integrated averages over time for the individual point. It is not the

average of the maximum and minimum values.

Deviation - This is the difference between the Average Velocity For All
the Burners (shown on the upper left hand corner of the Air Distribution
Analysis Tables) and the Burner Average for the specific burner being
analyzed. |

Average Velocity For All Burners - This average is calculated from the

values in the Burner Average Column.

Maximum High Flow Deviation - The percentage, maximum high flow
deviation is the greatest difference between the highest positive Burner

Average and the Average Velocity for All Burners.

Minimum Low Flow Deviation - This percentage is the greatest difference
between the Lowest Burner Average Velocity and the Average Velocity
for All Burners. A negative sign indicates a burner receiving less than the

average airflow.

Total Flow Deviation - This number is the total deviation difference in
airflow between the burner receiving the maximum airflow and the burner

receiving the minimum airflow.
Each test point was also analyzed for two conditions as follows:

1. A deviation from the peak velocity reading for the burner.

2. A deviation between the high and low velocity readings.

RJM Corporation » Ten Roberts Lane, Ridgefield, CT 06877 - 203 438-6198 » Fax 203 431-8255
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A 10% deviation is used as the set point for the blocked flow and 20% for vortex
action analysis. These deviations are noted on the Code Line for each test point.
An asterisk (*) indicates a greater than 10% deviation from the peak burner
velocity. A (V) symbol indicates that there is a greater than 20% deviation
between the high and low velocity readings and indicates a vortex eddy. An
asterisk and V (*V) combination code indicates that both conditions are occurring
simultaneously. If one of these codes is listed below a test point it indicates one

of these factors is influencing the perimeter loading of the burner.

The three-dimensional figures (see Appendix) are produced from the average
velocity data and pictorially represent the burner velocity air cones. In addition
to the composite burner three-dimensional figures, the velocity profiles are also

presented in topographical format. See appendix.

The XY coordinates for all figures designate horizontal and vertical location
dimensions along the boiler (these dimensions are in inches). The lower left

corner of the windbox is the origin for the XY coordinates.
5.2 Airflow Balancing

Baseline testing showed that significant airflow deviations existed between burners
and within windboxes. Deviations varied from 22.6% to -44.3% for the inner
zone and from 22.5% to -13% for the outer zone. These flow deviation ranges

clearly indicate a need for airflow balancing in the burners.

However, baseline data also revealed extreme disturbed flow conditions were
occurring in every burner. The most likely cause of these extreme flow
disturbances is probably flow separation occurring at the inner corner of the
entrance of the secondary air into each windbox. Flow separation causes large-

scale eddies which cascade through the windbox and show up as rapid velocity

RJM Corporation * Ten Roberts Lane, Ridgefield, CT 06877 - 203 438-6198 « Fax 203 431-8255
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fluctuations at each data point. When large-scale flow disturbances are noted like
this, balancing airflows by adjusting inlet air ratios by adjusting backplates or
banding outer zone air doors becomes extremely difficult and unreliable because
the flow patterns do not repeat identically from test to test. In view of these
conditions the plant personnel were notified that balancing objective of +5% flow
deviation would not be possible on the unit without flow modeling. However, in
view of the extreme variation in flow deviations, both IPSC and RIM Corporation
decided that adjusting backplates and the airflow bands on the outer zones would

be helpful in narrowing the airflow deviation range.

Because of changes in the outage critical path schedules, only one day was
allocated for making adjustments and retesting. Tables 1 and 2 show the results
of airflow balancing after the first series of outer zone band adjustments and inner
backplate adjustments. Based on the results of Test 3 (Tables 1 and 2), an
additional set of adjustments was made for further balancing. However, there
was insufficient time remaining in the schedule for retesting the unit. It is the
opinion of RJM Corporation that the second series of test results improved flow
deviations and that actual performance results are better than indicated by Tables
1 and 2.

After the unit was brought on-line, additional burner flow modeling work was
done to improve flame stability patterns. This work necessitated additional
adjustments in the backplate positions to correct mass flow imbalances between
inner and outer zones. The adjustments were made on a proportional basis so the
airflow deviations on the inner and outer zones can be considered unchanged.

The final settings for the inner two burners are shown in Table 7.
Test 3 results (Tables 1 and 2) shows that the deviation range has been narrowed

to +12.5% for the inner zone and +8.2%, -21.3% for the outer zone

respectively. Please note that final band and backplate adjustments have further
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Table 7

FINAL BURNER SETTING

FA6 3.17 5.29
FAS 2.65 5.64
FA4 2.75 5.90
FA3 3.57 5.73
FA2 4.27 5.98
FA1l 3.69 5.54
FF6 3.13 6.71
FF5 3.05 6.26
FF4 3.55 6.40
FF3 3.37 6.25
FF2 3.84 6.27
FF1 3.95 5.86
FB6 3.87 7.58
FBS 3.37 6.82
FB4 3.43 7.13
FB3 4.92 6.93
FB2 4.93 7.51
FB1 4.84 6.52
RD1 2.90 6.63
RD2 3.03 6.55
RD3 3.36 6.57
RD4 3.26 5.45
RD5 3.91 6.11
RD6 3.44 6.34
RH1 2.86 5.15
RH2 2.94 5.64
RH3 3.55 4.63
RH4 3.11 4.42
RHS 3.73 4.19
RH6 3.99 4.75
RC1 2.76 5.42
RC2 2.67 5.85
RC3 2.82 5.84
RC4 3.23 6.01
RCS5 6.22 5.80
RC6 3.41 5.39
RG1 2.87 6.27
RG2 2.94 5.76
RG3 2.59 6.25
RG4 3.82 5.87
RGS5 3.83 572
RG6 4.21 6.03
RJM Corporation « Ten Roberts Lane, Ridgefield, CT 06877 - 203 438-6198 - Fax 203 431-8255
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narrowed this range. However, there is no test data by which we can quantify

the reduction.
5.3 Airflow Deviation Analysis

Tables 8 and 9 summarize the airflow deviations between burners and between

windboxes based on Test 3 (Tables 1 and 2) results.

Each windbox exhibits a side-to-side flow imbalance. For the outer zones of the
burners the flow imbalance ranges from 6.7% to 13.3%, The inner zone
deviation ranges are more extreme and range from 10.6% to 15.2%. There are
clear side-to-side imbalances in each windbox. However, the pattern is not
uniform -i.e., all windboxes high on the left side and low on the right, etc. Since
the windbox dampers were throttled to 55% open position, it is possible that some
of this deviation variance is due to slight differences in the damper positions on
each end of the windbox. However, since the slope’ of the deviation pattern is not
uniform across the windbox, it is clear that variations in damper positions are not

the sole cause or primary cause of the airflow deviations between burners.

A significant indication of the degree of airflow disturbance within the windboxes
is shown by the fact that the windbox-to-windbox airflow deviations are different
for inner and outer zones. For instance, the front windbox-to-windbox deviations
vary from -7.1% to 4.5% for the inner zones and 1.3% to -8.5% for the outer
zones. In the rear windbox-to-windbox deviations, the inner zone flow deviations
range from 0.8% to -1.7% and 9.3% to -2.9% for the outer zone. If the airflow
patterns in the windbox were uniform and undisturbed, it would be expected that
inner and outer zone airflow deviations on a burner-to-burner and windbox-to-

windbox basis would be approximately the same.
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Table 8

INNER ZONE AIRFLOW DEVIATION SUMMARY

Test 3

Front Windbox

12.4 9.9 2.5 -1.2

5.6 -0.9 4.5 -2.4

-1.1 0.6 -100 -11.5

To-Burner Deviation %

tal

-12.6 12.0 -7.1

Rear Windbox

C 7.2

Burner-To-Burner Deviation %

. Burner Column

4.1 5.8 -3.0 -1.7

5.4 73 40 -4.2

| Total Windbox |

| Flow Deviation
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Ten Roberts Lane, Ridgefield, CT 06877 « 203 438-6198 ¢ Fax 203 431-8255

IP7_001950



Table 9

OUTER ZONE AIRFLOW DEVIATION SUMMARY

Test 3

Front Windbox

A 7.8 1.3 4.3 .68 -2.9 5.0
F -7.6 -4.2 -4.2 3.2 5.6 2.7
B -12.1 -7.0 -8.7 -8.6 -9.7 -5.1

13.2

7.0

Rear Windbox

H 7.0
C 7.7
G 2.3

- Burner Column

To-Burner Deviation % | Total Wi

RJM Corporation -
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It is also clear that the middle two windboxes, and especially the third windbox
up on each side of the unit, have higher total mass flows that either the top or the
bottom windboxes on either side. The bottom windboxes exhibit the most air

starved conditions.
5.4  Perimeter Loading Distribution Deviations

Perimeter loading distribution deviations on Unit No. 2 are extreme. Ideally,
burner perimeter loading distribution deviations, which are deviations in airflow
around the circumference of the burner, should fall within +5% for optimum
operation. Acceptable perimeter loading distribution deviations are less than
+10%. However, on Unit 2 no burner falls within these ranges. Minimum
values are +15% and -16%. Maximum values are +41% and -43% for the outer

zone and +67% and -40% for the inner zone.

Examination of the 3-D velocity profile cones in the Appendix for each burner
graphically shows how extreme the airflow variances can be within burners such

as C6, H6 and B2.

Distortion of the burner backplates and outer zone front and backplates may be
contributing to the extremes in perimeter loading distribution deviations.
However, it is the opinion of RIM Corporation that the most significant cause of
the perimeter loading distribution deviation problems are windbox vortex eddies
which are cascading down onto the burners and interrupting flow patterns. It is
clear from the topographical diagrams contained within the Appendix that these
windbox eddies are also disrupting flow over the air doors and air vanes as
indicated by the regularity of peaks and valleys around the perimeter of the

burner.
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The only acceptable solution for correcting the perimeter loading distribution
deviations is to conduct and airflow model study to locate the origin of, and to

eliminate the incidence of windbox vortex eddies.
5.5 Potential Problems

All of the segregated windbox units that RTM Corporation has tested to date have
exhibited severely disturbed flow patterns shown on Unit No. 2. However, Unit
No. 2 has the most severely disturbed flow patterns of all units test to date. The

degree of airflow disturbance raises potential problems in three areas as follows:

1. Airflow Measurement - IPSC is considering installing airflow metering
equipment on each windbox in order to balance airflows. The cost for
installing such equipment and integrating it into the control system is
estimated at from $1 million to $1.5 million. Possible equipment choices
include pitot tube arrays, air foils and stacked hot-wire anemometer
arrays. Air foils and pitot tube arrays require uniform airflows for
accurate reading. Pitot tube and air foil systems will not work accurately
in the disturbed flow fields on Unit No. 2. These systems utilize common
manifolds for sensing taps. Large variations in static pressure or velocity
pressure from one tap to another sets up internal flows in the manifold

resulting in significant airflow measurement error.

Hot-wire anemometer arrays are subject to error when the potential for
reverse flow conditions occurs such as can be found in turbulent vortex
eddy wakes. These wakes occur when there is flow separation such as is
suspected on Unit No. 2. The reason that error occurs in the hot-wire
anemometer arrays is that they are not directionally sensitive -i.e., they
cannot measure whether the direction is into or out of the windbox.

Therefore, a hot-wire anemometer sensing probe in the wake of a vortex
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may actually be measuring a velocity vector which is moving in the
opposite direction from the secondary airflow moving into the windbox.
However, the sensing array does not recognize the direction and,
therefore, averages this velocity point into the total average as if it were

in the correct direction.

In reality, airflow sensing or metering equipment for each windbox is not
needed on Unit No. 2. If the airflows to the burners are balanced to
within +5% the need for direct metering of air to individual windboxes

becomes unnecessary.

Balancing the airflows to the burners requires a one-time charge estimated
to be between $175,000 to $275,000 inclusive of all modeling and
installation charges. This is equal to less than 25% of the capital cost for
installing metering equipment which is estimated to be between $1 million
and $1.5 million installed. Balancing the burners in lieu of installing
individual airflow metering equipment also would eliminate the need for

ongoing maintenance and calibration of the metering equipment.

2. Tube Wastage - The possibility exists for long-term tube wastage due to
oxidizing/reducing atmosphere reactions. Wastage areas will be located
locally around burners which have extreme perimeter loading distribution
deviations. The high excess air portions of these burners will have highly
oxidizing atmospheres. However, the low airflow sections of these
burners will have strong reducing atmospheres. The natural recirculation
pattern from the flame envelope to the front wall in the immediate region
around the throat means that these oxidizing and reducing atmospheres
will be constantly sweeping furnace wall generating tubes around the
burner discharge. It is the boundary between the oxidizing and reducing

atmospheres where the tube wastage will occur. The oxidizing and

RJM Corporation *+ Ten Roberts Lane, Ridgefield, CT 06877 « 203 438-6198 + Fax 203 431-8255

IP7_001954



32

reducing atmosphere boundary will oscillate somewhat. In the oxidizing
mode tube metal surface will oxidize and produce an oxide coating.
When subject to the reducing atmosphere this coating is stripped away and
re-entrained in the flue gas as fly ash. As a result, tube metal surface has
lost a layer of metal a few molecules thick. Over a five-to-fifteen year
period of time the wastage problem can be significant enough to result in
water wall failures. Ultimately, entire sections of the water wall may

have to be replaced.

In view of the above long-term phenomenon, it is important that perimeter
loading distribution deviations be normalized so that an oxidizing
atmosphere is retained throughout the entire perimeter of the burner. This

can be achieved by airflow modeling and balancing.

3. Superheater and Reheater Hot Spots - Burners having high airflow
deviation, especially towards the middle of the windbox and in the lower
elevations of burners, have the potential for creating localized hot spots

in superheater and reheater steam outlet tube bundles.

These burners have high gas mass flows and because they are shielded
from radiating to the water wall tubes by surrounding burners they also
have very high temperatures exiting the furnace. The flows from burners
do not mix in the furnace. They stream tube throughout the entire boiler.
Therefore, a high mass flow, high temperature stream tube from a burner
generates a very high heat flux in a small localized area going into the
superheater or reheater tube bundles. If the superheater tube outlet
temperature is at or near its maximum design operating temperature, it is
possible that this localized overheating will exceed safe operating tube
metal temperatures. It has been found in some units that long term, such

localized overheating ultimately leads to tube failure.
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Balancing airflows between burners to within +5% will eliminate the
potential for this type of problem occurring. It will also normalize
temperature and mass flow profiles across the unit which improves unit

heat absorption efficiencies.
5.6 Out-of-Service Burners

A single test was run on the B windbox burners simulating an out-of-service
burner condition. Windbox dampers were set at 30% open and a complete air
distribution test series was run on the six burners. Test results are summarized

in Table 5.

Analysis indicates that the out-of-service damper setting passes 27% of the flow
as compared to a 100% open damper setting. (The 55% B windbox damper
velocities were prorated up to 100% damper velocities using H windbox test data
at 100% and 55% loads.)

At the 55% damper setting, airflow balance within the windbox was within
+3.8%, -3.9%. However, in the out-of-service condition, flow deviations range
expanded to +8.2%, -21.3%. A review of the data shows that there was a
dramatic reduction in airflow to the B1 burner. A possible cause of the shift in
this flow pattern may be due to the fact that the windbox damper on the Bl
burner side is closing at a faster rate or does not have the same true percent open

area as the windbox dampers on the other side.
It is recommended that IPSC carefully review the synchronization of all windbox

dampers over their normal operating range. The full 48 burner tests also indicate

that windbox damper synchronization may be a problem.
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5.7 One Hundred Percent Airflow Test

A single test was run on all six burners on the H windbox with airflows at the
100% open position. At the 55% damper position, the airflow deviations between
burners was +7%, -7.42%. At the 100% open position, airflow deviations
ranged from +5.3% to -6.9%. An examination of the change in flow deviation
from burner to burner at these two different damper settings indicates that the
flow patterns are the same while the magnitude of the flow deviation tends to
decrease somewhat at the 100% damper position. However, the extreme flow
disturbances noted in the windbox remain and the small change in total flow

deviations might be due to variances in this disturbed flow condition.

Perimeter loading distribution deviations on individual burners at 55% and 100%
damper settings are essentially the same. The percentage variation of the
perimeter loading distribution deviations shifts up or down regardless of damper
setting. This indicates that there are disturbances in the windbox that are driving

the perimeter loading problems.

5.8  Burner Settings

Air door positions were set by plant personnel from inside the windbox to the

following positions:

Spin Vanes = 100% open
Inner Zone Exit Plane = RIM Swirler
Outer Zone = 100% open

5.9  Test Apparatus

Coal pipe elbows were removed and support tubes of 2%4" Schedule 40 pipe with

two sets of 3 support legs were inserted into the burner PC tube. The probe was
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inserted through the support tube and positioned perpendicular to the burners axis
via mechanical linkage in the plane of the burner throat. The test probe has a
sensing unit which integrates data over a 3" element length. Data is collected
clockwise in 15° increments in the burner throat around the burner axis as viewed
from the firing isle. The 0° data position is at the top dead center position in the
burner. A separate probe setup was used for each air zone (inner and outer) in

the burner.

The probe output is the actual velocity compensated for the windbox temperature.
Upon achieving stabilized probe readings, a microprocessor captures a ten second
data window and calculates the average, minimum and maximum values. The
probe has a one-second response rate and can measure velocity values on airflow
vectors which are within +50° of an axial flow vector. The repeatability of the

apparatus is 0.25% with an absolute value reading accuracy of +1.5%.

5.10 Validity of Test Results

The question frequently arises as to how accurately cold flow test results resemble
actual secondary airflow conditions under normal firing conditions at full load and
at lower loads. To assure that cold flow test results will accurately predict actual
unit performance, RIM Corporation adheres to the flow modeling standards

regarding geometric, dynamic and kinematic similarity.

Geometric similarity requires that the model being tested have the same linear,
area and volumetric ratios as the full-scale unit. Since RIM Corporation uses
your unit as our test model, a geometric scaling factors are exactly equal for both

cold and hot flow tests.
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Dynamic similarity requires that the force ratios acting on the fluid particles
throughout the flow pattern be the same. Since the same fluid (air) is being used

on the full-scale unit, the dynamic similarity is the same for hot and cold flow.

Kinematic similarity exists between the model and the unit when their streamlines
are geometrically similar. The standard for the industry is to use Reynolds
number limits for kinematic similarity. When Reynolds numbers exceed 20,000
the flow is fully turbulent. Therefore, the streamlines in the test unit and the
actual unit will react in the same fashion. The Reynolds numbers for cold flow
and actual full load and minimum load conditions for Unit No. 2 far exceed the

minimum number of 20,000 and are shown below.

R, = 2.04 X 1095
Rpun Load = 0.5 X 108

Since geometric, dynamic and kinematic similarity has been preserved throughout
the testing, the results contained in this report accurately depict the actual flow

conditions in the unit under normal firing operation.
5.11 Unit Test Conditions

The FD and ID fans were brought up to load with flows balanced through each
by equalizing fan amperages. Total flows through the unit were regulated by

windbox dampers.
For baseline testing of the inner and outer zone air distributions and for post

balancing tests of the inner and outer air zone distributions (Tables 1-4), the

windbox air dampers were set at the 55% open position.
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For the B windbox burner distribution in out-of-service mode, the B windbox

dampers were set to 30% open. See Table 5.

For Table 6 the H windbox dampers were set to the 100% open position while

all other burner windboxes were set to 55% open position.
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Tables 1 and 2 3-D Graphics

Velocity Potential Profiles
Topographic Diagrams

Velocity Profiles
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AIR DISTRIBUTION ANALYSIS
BASELINE OUTER ZONR AIR DISTRIBUTION ANALYSIS

Table 3

Suamary Condition Code Trigger lLevel %
Average Velocity All Burners = 133,13 fpm Blocked Flow 113231 10
Naxinum High Flow Deviation = 22.45 % Vortex Action vvywy a0
Ninimum Low Plow Deviation = -12,97 % Flow & Vortex Action ¥VVE
Total Flow Deviation = 35,42 %
Test Point Velocities (Peet/Minute)
Burner S Velocity
Test Point (deg) 0 15 30 45 60 15 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Average Deviation Peak
BURNBR  FE6
High - 1798 3875 3707 3389 4228 4465 4228 3820 4482 4362 3589 3969 3922 2890 2939 333% 3O 2865 2890 3383 3238 3783 4212 4113 4482
Low - 2927 2485 2528 2335 2377 2484 2890 2841 2698 2875 2686  319% 2441 2224 2264 2652 2595 2156 2204 2377 2346 2561 3015 2829
Average 3434 3013 3060 2803 3830 3491 3570 3210 3907 3091 3292 3691 27HY 2405 2754 3100 3216 2482 2583 2933 2664 3207 3779 3381 1155 8.71
PLDX - 9 -h -3 -8 21 1 13 2 11! -2 § 17 -1y - -1 -2 2 -2l -1 -t -18 2 20 7
Code -~ FVEV  RVRV  RVEV XVEV O UVVY O VYVV O UVVY  SVEV YUWY VWUV RVEV RExx VRV SVRV VRV RVRY VRV KVEV RVERV RVEV RVRV SVEV O YWYV VYWY
BURNER  FE5
High - 3814 3891 4195 3753 4065 3814 3663 3431 4001 3663 3459 3502 3105 3118 3361 3488 3678 3906 3678 331G 3891 4097 4145 408t 4345
Low - 31712989 3278 2473 2769 2284 2617 2484 2571 2419 2539 2583 2377 2398 2827 2484 2733 3002 2098 2204 2254 2165 2939 2977
Average 3518 3518 379 2997 3339 2898 3243 2844 3532 2%H5 3225 2940 2627 2880 3175 2983 3212 3432 2564 267% 2854 3354 3703 3662 3162 0,92
PLD% - 11 11 19 -5 6 -8 3-10 12 -1 2 -1 -1 -9 0 -6 2 y -1 15 -10 § 17 16
Code - AR RURY O YUYV RURY YUYV RYRY O RVRV O RURY YUYV RVEV VRV RUEV RURY RVRY kxkx RVRV KUKV RVRV O RYRY VKV RYEY O WYYV VWY YVWY
BURNER  FR4
High - 3118 3560 4329 4228 4261 3953 4396 4162 2902 4081 4130 3389 3028 3875 3875 3417 3197 3306 3197 3874 3375 4228 4033 3707 4396
Low - 2254 2294 2663 3502 2686 2939 3066 2356 1970 2264 2652 2430 2185 2398 3131 3066 2335 2294 2042 2006 2841 2952 1943 2204
Average 3651 2954 3778 3985 3282 3535 3785 2840 2534 3500 3229 2880 2495 3498 3400 3190 2642 2995 2531 2985 3090 3734 2963 2734 3134 9.01
PLD% - ~15 -6 21 27 § 13 21 -9 -1 12 3 -8 - 12 9 ? 18 -4 -0 -5 -1 19 -5 -13
Code - AV RVRY O VYWY VUV ¥VEV YVYY  VVYV  RVRV VYUV VUVV  RVEV xRV RVRV kekk kkkr RVRV RVRV O XVRV RVEV ktEx 0 YUV VVYY VY
BURNER  RE3
High - 74 3375 3265 3474 336 3389 3906 3953 3184 2234 22n4 3M4T 3347 3028 3079 3131 3738 3906  3BTH 4097 3445 3985 3969 3648 4097
Low - 2462 2294 2098 2325 2572 2675 2769 2561 1815 1848 1734 1714 2629 1807 . 1891 1952 2629 2686 2698 3106 2473 2841 3197 2506
Average 2950 2694 2519 2964 2013 2998 3448 3157 2200 2040 1933 2913 3003 2196 2587 2484 334V 3198 3466 3478 2845 451 3621 2963 2891 -T.74
pLD% - 3 -1 -13 3 1 4 19 4 -2 -9 -33 1 4 -24 -11 -14 - 16 11 20 20 -2 19 25 3
Code - YRV VRV RVEV BVRV O XVRV RYRV VWY YWYV RVEY RE3x RVRV RVRV KUKV RVRV RVEV O RURY YUVY O VYUY YVVY O VYVY O sVSY YWY YRy
BURNER  FE2
High - 3066 3278 3663 3488 3860 4049 4097 3953 4081 4017 2721 3545 3633 4033 3938 4146 4081 2877 3118 2939 3361 4570 4379 3922 4570
Low - 2024 1790 1782 2572 2829 3265 2710 2977 2024 2264 2346 2495 3224 3459 1988 2042 2398 2315 2061 1997 2098 2769 2335 2484
Average 2566 2146 2947 3028 3334 3TR1 3249 3495 3390 27¢5 2566 3232 3425 3862 2376 3511 2832 2593 237% 2382 2855 4105 2864 3309 3038 -3
PLD% - -1 -2 -3 -0 10 22 1 18 1 -1 -1 § 13 'Y YA 16 -1 -1 - -2 -6 35 -6 9
Code - VAV RVRV RVRV RVEV  RVRV RER% KVEAV  RVEV  RVRY RVRV k%% IVEV fE#k ¥Rkt RVRV O UVVV RVEV kkk: KUKV RVRV VRV YYVV O VVVV VY
BURNER  FE! :
Righ - 3922 3682 4033 4146 4130 4414 4081 3969 356D 3347 3083 4017 3875 3722 1375 4245 4179 4065 4312 4273 4017 387D 4113 35BS 4414
Low - 2841 2617 2606 3333 2939 3319 3474 2550 2698 2595 2698 2769 41T 2675 2550 2640 2640 2663 3445 2640 2462 2683 2841 2804
Average 3285 3168 3578 3662 3451 3955 3859 2926 3221 2861 2857 3608 3625 3191 2884 3776 3038 3624 3944 3143 3313 33§01 3356 3154 31370 7.55
PLD% - -3 -6 b 9 2 17 15 -13 -4 -1 -1 7 8 -5 - 12 -10 8 17 -7 -2 l -0 -6
Code - VAV RYRY O VYVY VW WWwy VRV RVRV O RVRV k¥ VUV kxR RVRV xVRV O VYVY O VWVY O VVVY O YVUV O VVVY UVVV RVEV VWY #Vky
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AIR DISTRIBUTION ANALYSIS
BASELINE QUTER ZONE AIR DISTRIBUTION ANALYSIS

Burner

135 150 165 180 195 210 225 240 285 270 285 300 315 330 345 Average

4
Deviation

Velocity
Peak

D T T T T s P e P e e e T R e e P e T e T - 2 P T S T e T e et
.........................................................................................................................................................................................................................

Test Point {deg] 0 15 30 45 60 15
l BURNER  FR4
High - 015 3531 3618 3488 3183 4278
Low - 1559 1750 2550 2356 2606 2561
l Average 215 4121 3087 2874 2943 3565
PLDY - 25 100 2 -5 -2 1
; Code - WKV RVEYRVRV RUSV RVEY WY
. BURNER  RF3
High - 3211 2816 M1 3319 3502 354
Low - 1908 1679 1531 1510 2663 1891
l Average 6T 2090 1873 2166 3124 2464
PLDY - TR TR VR S T
Code - VRV RVEV RVRV RVRY VRV HYR
BURNER P2
I High - 015 2014 2640 2816 2451 3403
Low - 1538 1618 2108 2117 1782 1970
Average 1894 2354 2331 2820 2133 2913
I PLDY - 32 <16 <16 -10 -u 4
Code - KRV RVEY KURY VRV VRV RURY
BURNER  BF1
II High - 3315 B445 3985 3922 4179 4785
Low - 2008 2733 3066 3144 3560 3814
tverage 2945 3109 3628 3554 3920 4451
II PLDY - 41 18 16 18 45
Code - ¥RV RVEY VRV 13331 B¥kx VYW
BURNER P36
High - 1309 3028 3814 3906 396) 3589
II Low - 2244 2089 2652 3002 2698 2698
Average 2585 2621 3266 3648 3248 3077
PLDX - 451 on 11
I Code - SRR WV VWY WY WY
BURNER  FB5
Bigh - 1403 MBS 3361 4049 3814 3531
ll Lov - 2652 2829 2325 2484 2606 2315
Average 2978 3173 2137 3570 3085 2675
PLDY - 2§ -6 15 g
Code - VRV KRR ORVEY VWV WV EVEV
l BURNER  FBA .
High - 397 3459 3361 3319 3361 3118
Low - 2686 2804 2284 2204 2484 244l
' Iverage 2937 3193 2789 2735 2937 2821
— PLDY - T
U Code - ™ WYY VWY WY sysy
|"" III BURNER  FB3
o High - T4 3292 3663 3589 3631 3445
o Lov - 252 2484 3015 3028 3002 2841
N Average 3037 2956 423 3330 3217 3142
8 l PLD% - § ! 17 14 10 8
- 3 V¥ 12344 E3 331
w Code VVvY v

3618
2484
3267

18
vy

2787
2264
2484

-15
(233

3361
2451
2309

Yyvy

3251
2528
2762

-b
KRy

3531
2156
2702

KVry
1459
2409
3126
VY
3251
2517
2935
LA
3488
2698
3109

AR

3502
2409
343

13
Wy

3319
2745
3114

1231

3692
1434
3324

20
vy

31560
1988
2515

-14
VY

3066
2108
2636
£V4Y
3707
2853
3434

et

2693 3264 3498 2944 2887 2533 327 3261 3106 3254 3016 33T2 3082 2877 2484 3013
-11 8 18 -2 -4 -16 g 8 3 8 0 12 2 -5 -18
BV R YWV VWUV RVRV RVHY

4081 3969 3265 3002 2841 2853 3953 4065 4097 3692 3875 3238 3768 3502 273
2572 2868 2121 2284 2462 2165 1926

3864 2709 2813 2593 1949 2578 3554 3534 3151 3270 3134 2731 2896 2605 2309 2866
35 -5 -2 -100 -32 -0 24 23 10 14 9 -5 l -3 -19
VVUV VRV 3VRV RURV VRV YUWV O VWYY VYUV RVRV O VWUV VRV RRV sURV RVHY

3319 3278 3197 3875 4113 3798 3361 3171 4312 4113 3531 3389 3985 2817 3144

2305 2441 2450 2430 3431 2865 2675 2388 2617 2721 24«1 1750 2083 1726 1848

2683 3006 2693 3367 3766 3156 2985 2738 3699 3218 30a3 2150 2722 2042 2688 2790
-4 8 -3 21 35 13 1 -2 3 1§ § -4 -2 -2 -4

WAV RVRV O RVRV RV XVRV  KVRV O RVRV VYUV VVVY RVEV SVEV VYWV RVEV aVRY

45 2853 3474 3361 3224 3319 3184 3040 3678 3692 3613 34T4 3389 3403 336l
2398 2204 2325 2939 2204 2070 2572 2495 2528 2583 2640 2506 2902 2678 2663
2669 2394 3176 3150 2492 2594 2848 2804 3258 2806 312 3007 3108 2984 3044 3N
-3 22 3 oo-19 -16 -1 -4 6 -5 4 -2 1 -3 -1
VRV VRV RURV k%X RVERV VRV kkkk kXE% 0 KUKV RVRV O #VAV VRV kE¥x 0 XVRV Ryxy

3560 3531 3375 3389 3265 2064 2675 2617 2398 253% 2346 2710 2606 3783 3814

3002 2024 2194 2865 2539 1832 1908 1908 1545 734 1874 2062 1790 1848 3079

3362 2465 2976 3187 2826 2095 2453 2180 1941 2215 2l1l 2400 2062 3187 3496 2115
s -l 7 15 2 - -120 -t -3 <20 -2 -1 28 15 26

$3%% RVEV  RURV &kkx RVRY RVEV RVEV  RVRV RVXY RVEV XVEV RVEV O RURV WYY

3589 3502 3531 3445 2617 3251 3292 2989 3814 1829 3604 4017 3891 3618 3403

1979 2495 2517 2377 2294 2400 1840 2024 2146 2451 2398 2853 2640 2629

3025 2788 3230 2646 2461 2905 2225 2470 3201 2833 3048 3645 3056 3134 1028 2917
4 -4 11 -3 -16 -0 -24 1B 10 -3 4 25 § 1 4

BVEV  KVEV  RVEV VAV kRkk RVRV RVEV RVEV VWV VWU RVEU WVUV VWUV RVEV kees

2064 3319 3445 3053 3403 3211 3197 3633 3560 3224 358) 3663 3079 2938 3066

2175 2367 2070 2175 2617 2244 2234 2617 2595 2710 2561 2617 2441 2388 2117

2482 2867 2485 2668 3100 2597 2758 3370 2999 2814 3181 3096 2693 2667 2426 2841
-13 1 -1 -6 9 -4 -3 19 6 A ¥ 9 -5 -6 -15

LRI AN A AU B A L A T A A S L A LA A B L L A A A A B B L L

3768 2927 3092 3079 2877 3906 3738 3L18 3969 3722 2780 3474 3860 3224 3403

2024 2430 2146 2367 2244 2473 2617 2052 2315 1352 2080 2430 2117 2388 2&id

2704 2658 2699 2590 2620 s2iz 3036 2448 3240 2556 2326 2966 2693 2793 3093 2819
-1 -3 -8 -1l -10 10 ¢ -16 -2 -2 l -3 -4 §

VUVV k&% kVRV #VEV XUV VYT YUYV RVEV O VYWV VUVV RVRY AVRV O VYWY RVARV ks

-3.82

-8.53

-10.94

-1.99

-11.43

'6:91

-9.31

-6,85

212

4312

4785

4969

4049

3663

3969
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Burner

136 150 165 180 195 210 22% 240 255 270 28D 300 315 330 35 Average

2897 3664 3188 2086 2787 3380 3554 4086 3574 4096 3372 2822 3070 2914 3036 3276

2510 2666 3609 3479 2501 2349 3507 2758 2710 3771 2846 3159 3476 3312 3044 3230

%
Deviation

4,56

3.08

Velocity
Peak
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AIR DISTRIBUTION ANALYSIS
BASELINE INNER ZONE AIR DISTRIBUTION ANALYSIS

Table 4
Sumnary fondition Code Trigger Level %
Average Velocity All Burners = 2814,14 fpn . Blocked Flow 3233 10
Yayimum High Flow Deviation = 22.57 % Vortex Action Vvvw 20
¥inimum Low Flow Deviation = -44.34 % Flow & Vortex Action VRV
Total Flow Deviation = 66,90 %
Test Point Velocities (Feet/Winute)
' ' Burrer % Velocity
Test Point (deg) 0 15 30 45 60 75 80 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Average Deviation Peak
BURNER  FEG
High - 2664 3025 3109 3511 4243 4207 4137 3832 3799 3419 3067 3067 2166 3039 35v4 3449 3669 3182 31T 365: 3081 2780 3108 3167 4243
Low - 2301 2370 2651 2794 3210 3853 2874 3025 3313 2465 2406 1914 1759 1768 2780 3167 2928  258¢ 2651 2914 2613 2429 2490 1826
Average - 2473 2738 2834 3240 3965 3904 3315 3629 3476 2807 2646 2212 1947 2681 3305 3322 3421 2953 2906 3l14e 2811 2535 2846 2200 291 5.67
PLD% - -17 -8 -5 9 33 31 11 22 17 -6 -1l -26 -3 -10 11 12 15 -1 -2 ¢ -5 13 -4 -26
Code - ks RVEV kEkx SVEV O VUVY VYVY  VVVV 3% RVRY  RVEV  RVEV  X%x KVRV O RVRV kkdk BVEV xRXX 0 RVRV RVRV kkkE 0 REkx kkx% 0 VRV
BURNER  FES
High - 3123 3388 3999 4016 4G4f 4552 3388 3511 3419 2576 3138 3542 3BI1 3404 3109 3067 3085 3067 3210 3067 2997 3196 3558 3196 4646
Low - 2514 2638 3053 3701 3799 2382 2370 3152 2255 2122 2278 2874 3081 2874 2741 2312 2441 2833 2901 2728 27H4 2914 3011 2563
Average - 2786 3114 3637 3867 4295 2911 3101 3316 2632 2369 2854 3354 3330 3059 2928 2578 2852 2966 3034 2881 2906 3068 3206 2883 3080 9.44
PLD% - -10 1 18 26 39 -5 | § -15  -21 -1 g 8 -1 -5 -18 -7 -4 -1 -6 -6 -0 { -6
Code - TRyt EVEV RURV R¥E VUVV  RVRV  kRkR RVEV  BSRr SVAV  RRRE BKKT kREE RR3® SVEV  SVRV BEEX KRKE RERR S¥RR RRBF RREE kR
BURNER  FRB4
High - 3799 4172 4405 4589 4460 4190 3637 3653 3239 2221 2199 3167 3167 3480 3138 2887 2255 2833 2n41 3225 3328 36H3 3848 3717 4589
Low - 3284 3284 3799 4068 3558 2406 2638 2801 1865 1527 1570 1884 2406 2526 2626 1965 1904 2069 2324 2347 2887 3039  3z84 2807
Average - IBET 3825 4057 4335 3891 2782 3329 3ie4 2380 1864 1816 2681 2772 3084 2858 2220 2080 2619 2498 2882 3110 3435 3550 3206 3004 6.75
PLD% - 18 A 35 44 30 -1 11 -1 -3 -3 -10 -8 3 -5 -6 <31 -1y -7 -4 4 14 18 7
Code - k%% - YYVY YUYV VYV 2VEV VRV RVRY RURY KVRV RVRV RVRV kURY kkkt VRV kdE4 ESEAE 2 23 S 3 1E 4N $ £ 3 SN £ £ £ 4 1333 SN 118 )
BURNER  FE3
High - 2651 3284 3011 2453 2539 2526 2429 2526 2477 2177 2278 2233 2942 3766 2969 2651 3181 3583 3449 4314 4190 4190 3025 2601 4314
Low - 2016 2406 2122 2037 2133 2133 2177 2144 1914 1768 1884 1884 1924 2626 -~ 2144 1894 2063 2860 2860 2860 3793 2664 2027 1985
Average - 2310 2859 2408 2262 2388 2353 2283 2323 2078 1936 2126 2033 2630 3381 2572 2173 2858 3294 3085 3869 4027 3030 2235 2308 2618 -6.99
PLD% - -12 9 -8 -U -4 -1 -13 -t -2t -26 -13 -22 0 29 -2 -1 9 26 18 48 4 6 -5 -12
Code - VRV RVSV  RVRV £k%% k¥E% REEE k% $Rk%  RVRV  kkkx kRkR ¥kkt VSV RVRV  KVRY RVRV RVAV VRV k% VYW VVVV  kysy VR
BURNER  FE2
High - 2702 3225 3138 2807 2526 2477 3210 3067 2502 2289 2689 3167 3621 3434 3095 3081 323 3419 3225 399 3832 3521 2638 2548 3999
Low - 2266 2312 2477 2155 2177 2133 2453 2394 1894 1924 2166 2563 3025 2754 2048 2188 2613 2794 2335 2502 3210 2312 1778 1944
Average - 2474 2846 2693 2330 2392 2327 2963 2600 2116 212l 2469 2979 3370 3004 2439 2727 2858 3095 2655 3439 3439 2679 2119 2368 2688 -4.59
PLD% - -8 ] 60 -13 -1 -1 10 -3 - -U -8 11 25 12 -9 1 § - 15 -1 28 28 -0 2l -12
Code - FEXE RVRY KVRV RVEV kxkk #E% XVRV RVRV RVRY fxE% kKRR (2143 ¥X5r  RVRV VRV kX% k%% RVRY O UYWY VUVV  sVEV V%Y
BURNER  FEl
High - 2080 3081 2997 2266 2394 2278 2677 3225 3210 2526 2651 2490 3109 3239 3254 2901 3653 3782 3750 3915 3965 3465 2188 2144 3965
Low - 1649 1613 2069 2006 2080 1975 2006 2502 2312 2122 2166 1924 2080 2677 2006 1924 2465 3239 3210 2987 3123 1865 1740 1685
Average - 1808 2602 2304 2138 2227 2089 2496 2968 2646 2353 2349 2176 2747 2956 2429 2493 32601 3545 3521 3693 3458 2213 1953 1824 2544 -7.83
PLDY% - -30 6 -1 -18  -14 -19 -4 14 2 -4 -4 -16 0 14 -6 -4 26 37 36 42 3 -1 -2 =30
Code - AVEY  RVRV RVEV 3R kx: 3% RVRV RVEV VRV kkex kExX 0 3VRV O RVRY O ik XVRY VRV YWVY UASA SR TATATA VI 4% 3V 375 3B 314 3
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Liow -
Average

PLDY -
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Code -
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3254
2761
3065

11
t1ex

2728
1155
2549

12
LY

3123
2155
2882

10
wHY

2702
un
2489

-12
(223
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yry

3685
U
3214

13
Wy

4190
2887
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WAL

4552
3999
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4021

Al
11

3313
2514
3012

15
Ry

2563
1914
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2167
2382
2568
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3600
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L33

2128
2069
2207

-16
Al

117
2887
3224

13
Vv
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AIR DISTRIBUTION ANALYSIS
BASELINE INNER ZONE AIR DISTRIBUTION ANALYSIS

Burner

135 150 165 180 195 210  22f 240 255 270 285 300 315 330 345 Average

2806 2198 2235 3068 3071 3136 2821 2949 2944 2981 3082 3061 3139 3213 3312 3205

2250 2422 2348 2994 2590 1932 1846 2388 3611 3898 4506 4626 4285 3995 3781 3056

1622 2441 2324 1759 1855 1740 1502 2144 2715 2576 2820 2969 2613 1975 18M4
1161 1469 1373 1238 1373 1289 1238 1327 1924 1452 1570 2183 1731 1477 1189
1437 2007 1671 1482 1623 1484 1345 1854 2439 1833 2323 2501 2001 1707 1441 1566

RVEV  RVRV  SURV BVEV  RVEV KURV kkkx VRV VWUV 3VRY ‘VVVV VUVV  FVEV VRV 3VRy

jgal 3827 3605 3865 3782 3701 3815 4225 4172 3099 4332 4314 3999 3496 2588
2833 2767 2901 2942 3152 2514 2728  3K2T 3603 2860 2883 3480 2942 2221 2037
3365 3155 3231 3422 3498 2851 3410 3971 3867 3211 3909 3832 3485 2642 2375 3033

FVRV  RVRY RE3x 0 VRV Rk RVRY O RVRY ywwoooyvwy VVVV V3V $VHY

3733 2820 3542 3685 3717 3832 3733 3480 3284 3095 3133 3039 2969 3226 3167
2728 2324 2651 3298 3167 3269 3210 3067 2942 2626 2767 2689 2728 2741 1806
2970 2578 3320 3538 3382 3581 3399 214 3103 2826 3008 2859 2853 3056 2067 3125

FUSV Rk RVERV REEY 0 pkkd RREX 0 ERER 0 RERX O RREX 0 RRRX RRRE 0 RREF 0 kR KRRk R0V

3210 2514 2794 3152 3343 3637 3637 2820 3269 3162 302 16T 3343 3468 31}
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-1 - -16 -5 3 10 -5 -1h -2 -5 -1 -2 4 8§ -13
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-2y -4 -l ] 11 10 10 i1 18 1 8 7 -2 2 -18
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2188 2210 2021 2312 2406 1924 1613 1694 1835 2613 2874 3965 3123 2155  2l0l
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Table 5

"B" Windbox/Burner Distribution

In Out-Of-Service Mode
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AR DISTRIBUTION ANALYSIS
"B" WINDBOX AIR DISTRIBUTION ANALYSIS - OUT OF SERVICR

TABLE 5
Summary Condition Code Trigger Level (%)
Average Velocity For All Burpers = 1291.6 fpn Blocked Flow $1854 10
¥aximup High Flow Deviation = 8.17 % Vortex Action VvV 20
Ninimur Low Flow Deviation = -21.33 % Blocked Flow & Vortex Action LA
Total Flow Deviation = 29.49 ¥
Test Point Velocities (Reet/Winute)
Burner % Velocity
Pesy . ... . f 15 it 1§ £0 75 §0 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Average Deviation Peak
BURNER B!
High - 758 783 167 817 800 - 755 820 934 1012 1165 1345 1370 1383 1496 1402 1435 1545 1510 1663 1648 1462 1402 930 749 1663
Low - 597 456 597 629  58% 689 640  T20 743 813 985 1035 1187 1260 1012 1134 1148 1226 1243 1272 1209 922 516 562
Average - 675 639 677 638 683 651 734 804 875 1031 1198 1181 1315 1380 1174 1277 1341 1354 1484 1433 1360 1083 659  §23 1016 -21.33
PLD% - -3 -3 -3 -3 -3 -3 -280 -2l -1 1 18 16 29 6 16 26 32 X 46 41 34 7T -3 -3
Code - XVRY  RVRV VRV RVRV  KVRV AVRV RVEV RVRV BVRV VRV RVEV RVRV XERR k¥R VRV RVRV O YVWY YUYV VVVV  #33x RVRV RVRV #V3Y
BURNER B2
High - 1357 1339 1383 1462 1320 1567 1567 1332 1215 1428 1364 1243 1402 1402 1376 1448 1596 1588 1648 1553 1845 1496 1671 1524 1671
Low - 938 981 875 910 902 926 976 1021 863 926 875 890 1044 1118 1176 1198 1255 1284 1266 1226 1139 1098 1198 1155 '
Average - 1095 1177 1064 1178 1102 1250 1199 1168 996 1193 1077 1055 1218 1253 1256 1322 1441 1418 1435 1404 1365 1241 1437 1313 1236 -4
PLD% - -11 -5 - -5 -1l 1 -3 -5 -18 -3 -1y -18 -1 1 A 1 17 15 16 14 10 0 16 ]
Code - ¥VRV  RVEV  RVRV XYV RVRV O VVVY  VUVV  RVEV XYV VRV VRV RVEV XVEV RURV d¥xk Rk YVVY VUV VVVV VWV RVEV O VWYY WVVY
BURNER B3
Righ - 1581 1559 1633 1531 1702 1603 1415 1408 1641 1766 1510 1475 1364 1782 1815 1618 1611 1663 1815 1552 1874 1718 1641 1926 1526
Low - 1149 1198 1155 1098 1098 1215 1088 1113 1160 1204 1149 942 1007 1220 942 1083 1260 1278 1123 1144 1314 1123 1284 1272
hverage - 1363 1381 1384 1351 1463 1378 1245 1228 1485 1496 1323 1114 1222 1600 1211 1367 1447 1480 1473 1390 1566 1376 1477 1525 1389 7.56
PLDY - -2 -1 0 -3 5 -1 -0 <12 7 8 -5 =20 -12 15 -13 -2 4 1 6 0 13 -1 6 10
Code - RVEV  SVRV VAV KUV XVEV  RVRV  SVEV  RVRV VRV VYV RVEV  RVRV RVEV YUYV UVVV RVERV VRV XVRV O UVUV RVRV O VYVY RVRV 3RV YWWY
BURNRR B4
High - 1718 1726 1671 1742 1663 1574 1482 1475 1574 1510 1663 1503 1260 1462 1455 1663 1687 1798 1782 1823 1734 1603 1633 1750 ' 1823
Low - 1415 1376 1381 1187 1165 1129 1193 1064 1043 930 922  G46 981 1021 1176 1302 1243 1209 1284 1345 976 1165 1345 1383
dverage - 1542 1832 1525 1471 1437 1338 1326 1230 1300 1142 1374 LI3T 1119 1329 1334 1484 1446 1430 1555 1607 1301 1352 1455 1605 1381 1.66
PLD% - 11 10 10 § 3 -4 -5 12 -7 -18 -1 -1 -2 -4 -4 1 4 3 12 16 -6 -3 5 15
Code - Yy VUVV  UVVV  sVRV kdx SURV RVRV RVRY O YUVY O VRV RVRV kysy o k3 YVUV O VUV VUVY O YVUV O VVVV O VUVY RVRV Rk YYWY
BURNER B
High - 1603 1517 1364 1831 1790 1750 1588 1588 1339 1798 1782 1489 1415 1243 1249 1308 1339 17B8 1734 1857 1988 1943 1874 1567 1588
Low - 1170 1083 1093 1068 1326 1160 1182 1155 1078 1064 1068 1098 1143 1040 1088 1068 994 1068 1435 1389 161t 1§11 1260 1220
Average - 1393 1328 1218 1606 1574 1292 1309 1382 1194 1523 1227 135F 1230 1168 1163 1183 1119 1459 1559 1645 1826 1815 1555 141l 1397 8,117
PLDY - 0 -5 -1 15 13 -8 -6 -1 =18 §  -12 -1 -1 -1 -1h -20 4 12 18 31 30 11 1
Code - XVEV xRV kx2 YYYV O VVVY  RVRV  SVRV RVEV kkkk YUYV VRV RVRV kkEE dkkt k$% KXRE 0 RVEV 2RV k%k% VYWY VWV #Viy
BURNER B6
Righ - 1633 1641 1626 1726 1718 1679 1710 1603 1679 1633 1435 1694 1758 1618 1441 1408 1296 1209 1185 1237 1475 1865 1687 1618 1865
Low - 124 1044 1026 1215 951 1139 1187 1129 1093 1266 989 1003 1441 1383 1139 1134 770 770 894 959 1054 1308 1129 1255
Average - 1474 1276 1344 1563 1203 1369 1484 1254 1481 1387 1125 1497 1540 1480 1259 1287 899 1031 1004 1088 1265 1628 1443 1386 1321 2,28
PLDY - 12 -3 2 18 -9 4 12 -5 8 5 -15 13 17 12 -5 -3 - -2 - -18 -4 23 9 5
Code - KVEV O RVEV RVRY O VYWV VWUV YUYV VWYY RVEV VYWY HVRV 3VRV O VVVY Ek: RVEY k%t RVRV O RURV O RVRV RVRV O kVRy O VYWY VUV #VRY



Table S5 Graphics

B Windbox - Dampers 30% Open

Velocity Potential Profile

Topographic Diagram

Velocity Profile
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B WINDBOX TOPOGRAPHICAL DIAGRAM
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Table 6

"H" Windbox/Burner Distribution

100% Open Damper Position
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AIR DISTRIBUTION ANALYSIS
"H" WINDBOX AIR DISTRIBUTION ANALYSIS - 100% DAMPER

TABLR §
Summary Condition Code Trigger Level (%)
dverage Velocity For All Burners = 5753.7 fpm Blocked Flow 133331 10
Haximum High Flow Deviation = 7.03 % Vortex Action YVVYY 20
Hinimum Low Flow Deviation = -1.42 % Blocked Flow & Vortex Action FVEVH
Total Flow Deviation = 14,45 %
Test Point Velocities (Peet/Ninute]
Burner % Velocity
Test Point (deg) 0 15 30 45 60 75 80 105 120 135 150 165 180 195 210 225 240 285 270 285 300 315 330 345 Average Deviation Peak
BURNER H1 :
High - 5761 7142 7045 7290 7216 6573 7720 414 6550 7465 7315 5803 6124 6301 6301 6504 6368 5044 4858 5782 VLI  TI9L 7142 6481 7720
Low - 5198 5335 5782 G981 5637 4895  B140 5295 5286 5699 6335 3158 3184 5761 4634 4839 4312 4379 3281 3768 5007 6212 6103 4448
Average - 5482 6371 6369 6677 6290 5359 7069 5880  605L 7078 5877 3658 5423 6097 5204 6006 4963 4726 3995 4968 638) 6841 6515 507D 5765 20
PLD% - -5 11 10 16 9 -1 23 A § 23 :  -N -6 § -10 £ -1 -1 -3 -14 11 19 13 -12
Code - (371 S VUVV  RVEV VYUV VVVV  skkk VYUV UVVV RVEV KUV dpkx RVRV RVRV RVRV O kKR VRV RVEV O YWYV VY
BURNER H2
Righ - 5994 6103 6124 6180 6877 6829 6HEO0 6735 5474 6081 6081 6146 5930 5236 6436 6527 6B96  5BES 5236 G146 7021 7093 6301 6853 7093
Low - 4969 5354 5315 4913 5159 5845 5140 4212 3144 3211 4033 4113 4113 3545 3028 382% 4017 4179 4295 4587 5364 4623 4587 4839
hverage - B412 578} B788 5379 6322 6245  586Y 5408 4060 5323 4496 5622 4712 4201 5551 4529 5629 4622 4861 5653 5994 5497 6153 5273 5348 -1.05
PLD% - 1 8 8 1 18 17 10 1 -2 0 -6 5 -1z -2 i 15 5oo-l -9 6 12 3 15 -1
Code - ¥RRk 0 ERRE O R¥kx 0 RVRY O VYWY VUVV  UVUV  RVEV  3VRV RVEV  RVRY VXV sVRV O VWVV VUV VVWV RVEV Rk RVEV O VYWY YWYV VWY WYY
BURNERR H3
High - 5131 5866  T465 6925 6550 7414 7440 7216 7720 7824 7465 71118 6806 7069 6972 6642 7772 7903 6481 5H36  5H35 G877 6596 5761 7903
Low - 4448 4605 5159 4712 4969 5719 5026 5657 5887 4396 4676 6256 4913 4950 5394 B6HT 6323 5782 3783 4295 4517 4482 4623 4312
Average - 4821 5218 6828 5405 5874 G767 6063 6418 7166 5458 6841 6623 5414 6136 6215 6246 7188 6354 4584 5197 4997 6027 5287 5005 5922 2,93
PLD% - -13 -12 15 -3 -1 1 2 8 21 -8 16 12 -9 4 5 5 21 7T -3 -12 -1f 2 -1 -1%
Code - k¥ RVEV  VVUV O RVEV 3RV YVVY O YWVY O VWYV VWY VWYY YWY VRV RVRV RVRY kdis VYUV VRV RVEV k3% XVRV XVRY RVEV
BURNER #4
High - 7069 6436 7045 6806 7021 97316 7216 7191 7669 6642 7955 7929 G481 5909 6124 5782 7315 TT46  TT20 5330 414 666 T4E5 6665 7955
Low - 5494 4803 5575 3953 4485 5824 5678 5514 G657 4839 5236  H414 3969 4195 4448 4414 4535 K434 4431 4345 BBRS 6785 4TI2 4712
dverage - 6185 5494 6571 4811 6278 6795 6520 6242 6686 5325  T441 6438 4539 5110 5231 6119 6043 6940 5255  BB3T 6953 TITy 5380 59U 6002 4,31
PLD% - 3 -8 § -2 5 13 9 { -1 24 T -1 -1 -15 1 16 -12 -8 16 20 -10 0
Code - VAV RVEV RVURV O RVERV RVRV O YUVV VYWY VUV VUVY  RVRV O VWY VYV RVEV XSV RVRV O VRV VWV YUYWV VWUV EVEV VYWY VWUV sysy
BURNER H5
Righ - 5761 5575 7045 7216 7490 7515 7465 6877 6301 6168 5909 6853 5887 7118 7982 7850 7216 7982 7876 6937 8061 7617 6853 6712 8061
Low - 4988 4988 5236 4839 5276 6212 5824 5761 5063 5159 4414 4500 4379 4336 5845 4517 4839 6759 5178 53T4 6573 6279 5930 5335
hverage - B389 5306 6175 5407 6551 7078 6337 6186 5943 5561 4866 5581 4878 6231 7604 5363 6609 7526 6070 6536 7563 6776 6486 5805 158 7,03
PLD% - -13 -i b -12 6 15 3 0 -3 -1 -2 -5 -2 1 23 -13 7 22 -1 b 23 10 5 -6
Code - FREE O ORERR O XVEV O #VRV O WYWY VUV #E¥x k%% k¥kx SVRV RVEV XVEV VRV UVVY O YUVV RVRY VW sV (23 I 123
BURNER H6
High - 5082 5178 7118 7364 7118 6948 5434 5140 6596 6596 5699 6037 605% 4212 6712 6550 6759 6806 5824 6550 6759 6642 GO5Y 5159 7364
Low - 3383 3417 4552 4803 4988 4694 3445 4017 4278 4969 3814 4001 3319 3347 3663 4803 5198 5276 4876 5276 5678 5454 4876 4379
Average - 3877 4632 6384 5406 6670 5448 4033 4476 G067 5315 4325 5660 4084 3822 6059 5763 6052 5987 5370 5905 6387 5944 H2BT 4915 H327 -7.42
PLDY - <27 -13 20 1 25 g - -6 14 0 -19 6 -23  -28 14 8 14 12 1 11 19 12 -1 -8
Code - XYRV  RVEV  VUVY VYUV VUVY  VUVV VRV RVRV RVRV RVRV RVRV RVEV RVERV RVRV O VYUV #VEV UVYV VYUV R ki (2213 £33 4



Table 6 Graphics

H Windbox - Dampers 100% Open
Velocity Potential Profile
Topographic Diagram

Velocity Profile
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H WINDBOX TOPOGRAPHICAL DIAGRAM
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